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XCIl.—Studies in Orientation. Nitration Products 
of 3-Chloro-5-bromotoluene. 


By Junius Berenp Cowen and WALiace JENNINGS MURRAY. 


3-CHLORO-5-BROMOTOLUENE contains three dissimilar substituents, 
symmetrically arranged in the nucleus. It forms with great ease 
a mono, di-, and tri-nitro-derivative, all of which are apparently 
homogeneous. The positions taken up by the entrant nitro-groups 
would therefore determine the relative orienting effect of the 
electropositive methyl group and that of the two halogens. The 
main object of the present inquiry has been to elucidate this point. 
Incidentally, we have examined the products obtained by intro- 
ducing the two halogens into toluene in a different order; for, 
according to the Kekulé formula for benzene with three alternate 
double linkings, the two substances should be dissimilar, 


CH, CH, 
AN AY 
ch yg Br po 


but no difference could be detected. This agrees with the experi- 
mental evidence of Wohl (Ber., 1910, 43, 3474). 

3-Chloro-5-bromotoluene on nitration gives a mononitro-deriv- 
ative melting at 70° (Cohen and Smithells, T., 1914, 105, 1907), 
which, on reduction, yields a base. The position of the amino- 
group, and consequently of the original nitro-group, was deter- 
mined by comparing the melting points of the base and its mono- 
and di-acetyl derivatives with those of the three isomeric 3-chloro- 
5-bromotoluidines. 

The results are recorded in the following table: 


Melting points of the Isomeric 3-Chloro-5-bromotoluidines. 


Amino- Monoacetyl Diacetyl 
Substance. compound. derivative. derivative. 
3-Chloro-5-bromo-4-toluidine 62-5° 199° 82° 
3-Chloro-5-bromo-2-toluidine. 60 171 90-5 
3-Chloro-5-bromo-6-toluidine. 43 186-5 86 


Reduction product of 3- 

chloro-5-bromo-nitro- 

CORES ccccccsccccccccccccccece 42 187 85 

The above results leave no doubt that the first entrant nitro- 
group replaces the hydrogen between the methyl group and the 
bromine atom. This agrees with the observation of Cohen and 
Dakin (T., 1902, 81, 1344) on the nitration of 3: 5-dichlorotoluene 
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in so far as the first nitro-group was shown to enter the ortho 
position with respect to the methyl group. 

A careful redetermination of the melting point of the dinitro- 
derivative has shown that the substance prepared by Cohen and 
Smithells was probably a mixture of mono- and dinitro-compounds. 
The correct constant is 144°, which, with the exception of the 
2-chloro-6-bromo-derivative of the same melting point, is the 
highest of the isomeric chlorobromotoluenes. As we have failed 
to discover any satisfactory way of directly establishing the position 
of the second entrant nitro-group, we have to rely on the evidence 
of the high melting point as indicating, as it almost invariably 
does, symmetrical structure. If this is so, the second nitro-group 
will occupy the second ortho-position with respect to the methyl 
group. This view is in agreement with observations made by 
Cohen and Dakin (Joc. cit.) on the nitration of the dichlorotoluenes, 
namely, that where the nitro-group cannot avoid entering the 
nucleus between two other groups (as in the present case), it selects 
the position between the methyl group and a halogen in preference 
to that between two halogen atoms. It would seem a priori natural 
that a strong electronegative nitro-group should place itself beside 
an electropositive methyl group. 

The third nitro-group, in the substance melting at 211°, there- 
fore, enters the nucleus between the two halogens and in the para- 
position with respect to the methyl group. 


ExPERIMENTAL. 
Preparation of 3-Chloro-5-bromotoluene in Two Ways. 


Method I.—Fifty grams of aceto-ptoluidide were dissolved in 
100 c.c. of glacial acetic acid, and 20 c.c. of concentrated hydro- 
chloric acid and 18 c.c. of bromine were added, with constant 
shaking. The mixture was left overnight, and then precipitated 
with water. After crystallising from spirit, the bromoaceto- 
toluidide melted at 117°. The yield was 70 grams. Twenty grams 
were dissolved in a mixture of 50 c.c. of glacial acetic acid and 
50 c.c. of concentrated hydrochloric acid. The mixture was cooled 
in ice and salt, and 4 grams of sodium chlorate, dissolved in 20 c.c. 
of water, were slowly added, with vigorous shaking during and 
after the addition of the chlorate. 

The mixture, after being kept overnight, was poured into water 
and filtered. After crystallisation from spirit, 23 grams of the 
chloro-derivative were obtained, melting at 195—200°. The pure 
substance, which was subsequently obtained by hydrolysis of the 
diacetyl derivative, melts at 199°, but recrystallisation of the 
above product did not improve the result. 
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The substance was hydrolysed by boiling with three times the 
weight of a mixture of equal volumes of concentrated sulphuric 
acid and water for two hours. The liquid was neutralised, and 
distilled in a current of steam. The product melted sharply at 
63°5°. Fifteen grams of the 3-chloro-5-bromo-4-toluidine were dis- 
solved in 50 c.c. of absolute alcohol and 12 c.c. of concentrated 
hydrochloric acid added. To the mixture 5 grams of finely 
powdered sodium nitrite were slowly added. The solution was 
then warmed on the water-bath until effervescence ceased, and the 
product distilled in a current of steam. The 3-chloro-5-bromo- 
toluene which distils solidifies on cooling. It was shaken with a 
little sodium hydroxide solution to remove any phenol. About 
8 grams of 3-chloro-5-bromotoluene were obtained, melting at 25°. 

Method II.—Fifty grams of aceto-p-toluidide were dissolved in 
a mixture of 100 c.c. of glacial acetic acid and 150 c.c. of con- 
centrated hydrochloric acid. To the mixture, which was cooled 
in ice and salt, 15 grams of sodium chlorate dissolved in 40 c.c. of 
water were slowly added, with vigorous shaking. It was left over- 
night, and a further 100 c.c. of concentrated hydrochloric acid 
were added, and the whole boiled for two hours. The product 
was distilled in a current of steam to remove a small quantity of 
volatile impurity; sodium carbonate was then added to liberate 
3-chloro-4-toluidine, and the latter driven over with steam. The 
base, which distilled at 110°/10 mm., amounted to 33 grams. It 
was dissolved in 200 c.c. of glacial acetic acid, and 12°6 c.c. of 
bromine were slowly added, the temperature being maintained 
below 25°. The mixture was left overnight, and then poured into 
water. After crystallisation from alcohol, the substance was found 
to have nearly the same melting point as that obtained by the 
previous method, and to yield a 3-chloro-5-bromotoluene, melting 
at 25°. When the two specimens of 3-chloro-5-bromotoluidine were 
mixed, no change in melting point was observed. It may be 
assumed, therefore, that they are identical. 


Nitration of 3-Chloro-5-bromotoluene. 


Ten grams of finely powdered chlorobromotoluene were very 
slowly added to 30 c.c. of fuming nitric acid, the temperature being 
kept below 5° by cooling in ice and salt. As soon as complete 
solution was obtained, the liquid was poured on crushed ice. The 
solid which separated was collected and washed, and crystallised 
from a mixture of 9 parts of alcohol and 1 part of benzene. The 
mononitro-derivative crystallises in colourless needles, melting at 
71°. 


3 K 2 
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Reduction of 3-Chloro-5-bromonitrotoluene. 


Fifteen grams of the nitro-compound were dissolved in 225 c.c. 
of concentrated hydrochloric acid, and 30 grams of tin added. 
The mixture was heated until the reaction set in, and was then 
left until the tin had dissolved. A further 3 grams of tin were 
added, and the mixture was boiled for a few minutes until com- 
plete solution was obtained. On cooling, the crystalline double 
salt of the hydrochloride of the base and stannic chloride separated. 
It was poured on to a filter, then decomposed with sodium 
carbonate, and distilled in a current of steam. About 10 grams 
of 3-chloro-5-bromotoluidine were obtained, melting at 42°. 
(Found, AgBr+AgCl=0°1605. C;H;NCIBr requires AgCl+ 
AgBr=0°1635.) 

A portion of the aminocompound was dissolved in four times 
its weight of acetic anhydride, and boiled under reflux for two 
hours. The hot solution was poured into water, and the precipitate 
was crystallised from glacial acetic acid. It formed colourless 
needles, melting at 85°: 

0°5219 gave 21°3 c.c. N, at 12°9° and 750° mm. N=4’7. 

C,,H,,O,NCIBr requires N=4'6. 

Some of the diacetyl derivative was suspended in water, a drop 
of phenolphthalein added, and then sodium hydroxide, until a 
pink colour was obtained. The liquid was heated for two hours 
on a water-bath, and then boiled over gauze for a few minutes. 
On cooling, chlorobromoacetotoluidide separated, and was collected. 
After crystallisation it was obtained in colourless needles, melting 
at 187°. 

3-Chloro-5-bromo-2-toluidine. 


The compound was obtained from aceto-o-toluidide by a method 
similar to that used in the preparation of 3-chloro-5-bromotoluene. 
The acetotoluidide was brominated in acetic acid solution, and the 
bromine derivative treated with sodium chlorate in the presence 
of concentrated hydrochloric acid. After distilling the product in 
a current of steam and crystallising from spirit, it formed colour- 
less needles, melting at 60°. The mono- and di-acetyl derivatives 
were obtained by the method already described. On removing the 
amino-group by diazotisation, 3-chloro-5-bromotoluene was obtained, 
melting at 23°, thus showing that the halogens had entered posi- 
tions 3 and 5. 


3-Chloro-5-bromo-6-toluidine. 


This compound was prepared by a method identical with the 
second method used in the preparation of 3-chloro-5-bromotoluene, 
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that is, the chlorine was first introduced by the use of sodium 
chlorate and hydrochloric acid, and was followed by bromination 
of the base in chloroform. In this way, the positions of the 
chlorine and brémine atoms were reversed. A yield of 90 per cent. 
of the theoretical quantity of chlorobromotoluidine was obtained 
from the chlorotoluidine. The mono- and di-acetyl derivatives 
were prepared, and the base was converted into 3-chloro-5-bromo- 
toluene, melting at 23°5°. 


3-Chloro-5-bromodinitrotoluene. 


Five grams of 3-chloro-5-bromo-6-nitrotoluene were dissolved in 
15 c.c. of fuming nitric acid, and the solution was kept for several 
hours. The product was poured on powdered ice, and the solid 
collected and washed. After crystallisation from alcohol and 
benzene, the dinitro-compound formed fine, colourless prisms with 
a brilliant lustre, and melted at 144°: 

0°1603 gave 12°61 c.c. N, at 6° and 746°77 mm. N=9°36. 

C,H,O,N,CIBr requires N=9°44 per cent. 

Alcoholic potassium hydroxide readily removes the halogens, but 

no crystalline hydroxy-compound was isolated. 


3-Chloro-5-bromotrinitrotoluene. 


Four grams of the mononitro-derivative were dissolved in a mix- 
ture of 20 c.c. of fuming nitric acid and 20 c.c. of concentrated 
sulphuric acid. The solution was heated on the water-bath for 
two to three hours, and the product poured into water, washed, 
dried, and crystallised from glacial acetic acid. It melts at 211°. 
It has been shown (T., 1902, 81, 26; 1904, 85, 527) that in the 
case of trinitrobenzene and trinitrotoluene reduction by hydrogen 
sulphide takes place vigorously in the presence of a trace of 
ammonia. It is a remarkable fact that in the present case there 
is scarcely any action in the cold, and a very slow change on heat- 
ing. The alkali hydroxides readily remove both the halogens com- 
pletely from the trinitro-compound. The nature of these products 
has not been investigated. 


THe UNIVERSITY, 
LEEDs. [Received, May 11th, 1915.] 
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XCIII.—Electromotive Forces in Alcohol. Part VI. 
Absolute Potentials by the CapillaryElectrometer. 


By Epcar NEewBeEry. 


Since the figures given by the dropping electrode for the absolute 
potentials of the mercury electrode in alcoholic solutions (T., 1914, 
105, 2553) are so untrustworthy, the capillary electrometer was 
used in a further attempt to obtain the true values. 

Considerable experimental difficulty was encountered here with 
the saturated aqueous solution of sodium chloride on account of 
its viscosity, and also with the alcoholic solution on account of its 
very great resistance and the extreme slowness with which the 
mercury took up its position of equilibrium. 

Of sixteen different forms of apparatus and more than forty 
different capillary tubes, only one gave satisfactory freedom to the 
mercury together with low enough electrical resistance. This con- 
sisted of an upright tube with a side-tube near the lower end 
connected by rubber tubing to a mercury reservoir. The height 
of the mercury could be accurately adjusted by means of a screw 
clamp on the rubber tubing. The capillary was made by sealing 
on a piece of thermometer tubing of rather wide bore, which was 
then drawn out to a short, sharply tapering jet, the terminal por- 
tion (1 mm.) of which was uniform and of very small bore. All 
the readings were taken with the lower surface of the mercury in 
this uniform section of the tube. 

Extreme precautions were taken to ensure the purity of the 
materials used and a clean glass surface in the capillary. 

Differences of potential varying by about +0°15 volt from that 
producing the maximum surface tension were applied by means of 
the same potentiometer that was used in the dropping electrode 
experiments (/oc. cit.). The position of the mercury was observed 
through a microscope magnifying 50 diameters, and having a 
graduated scale in the eyepiece. 

(a) Absolute Potential of Mercury in a Saturated Alcoholic 
Solution of Sodium Chloride—About 200 series of figures were 
obtained as described, and 21 of the most uniform of these were 
chosen. Curves were then drawn from these data, taking micro- 
scope scale readings as ordinates, and applied potential differences 
as abscisse. The potentials corresponding with the maxima of 
these curves are given below. 

Temperature of liquid and surroundings, 20+0°2°. 
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Potentials for maximum surface tension of mercury in a 
saturated alcoholic solution of sodium chloride: 


0-453 volt 0-500 volt 0-474 volt 0-472 volt 
0-489 ,, 0-491 ,, 0.488 ,, 0-495 ,, 
0-466 ,, 0-484 , 0.459 _,, 0-484 ,, 
0-487 ,, 0-490 ,, 0-509 ,, 0-507 ,, 
0-480 _, 0-470 ,, 0-479 ,, 0-464 ,, 
0-507 ,, —_ _— 


Average of the 21 results 0-483 volt at 20°. 


(5) In a Saturated Aqueous Solution of Sodium Chloride—The 
same method was adopted as before. In this case, the motion of 
the mercury for a given applied potential is much greater, and the 
desired accuracy may be obtained with less difficulty, than in the 
case of alcoholic solutions. 

About 50 series of figures were obtained in this, and 20 in each 
of the two following cases, and six series were chosen from each 
set for plotting the curve. 

The following values were obtained for the absolute potential 
of mercury in a saturated aqueous solution of sodium chloride: 


0-479 volt 0-475 volt 0-489 volt 
0-479 ., 0-481 ,, 0-482 _,, 


Average of the 6 results 0-48/ volt at 20°. 


(c) In a Normal Aqueous Solution of Sodium Chloride. 


The results obtained from the six curves were: 


0-528 volt 0-532 volt 0-523 volt 
0-538 _,, 0-525 ,, 0-538 ,, 


Average of the 6 results 0-531 volt at 20°. 


(d) In a Decinormal Aqueous Solution of Sodium Chloride. 
Results obtained as before were: 
0-586 volt 0-574 volt 0-580 volt 
0-584 , 0-574 ,, 0-583 ,, 
Average of the 6 results 0-580 volt at 20° 


The temperature-coefficient of the decinormal solution is 
+0°0008 volt per 1°, of the normal +0°0006 volt, and of the satu- 
rated +0°0004 volt. 

Hence at 25° the absolute potential of mercury as measured by 
the capillary electrometer is: 


In decinormal aqueous solution of sodium chloride ...... 0-584 volt 
In normal aqueous solution of sodium chloride............ 0-534 ,. 
In saturated aqueous solution of sodium chloride ...... 0-483 

In saturated alcoholic solution of sodium chloride ...... 0-485 


Fig. 1 illustrates the difference between the curves obtained with 
aqueous and alcoholic solutions. 


854 NEWBERY: ELECTROMOTIVE FORCES IN ALCOHOL. PART VI. 


Curve A was obtained by determining the average alteration of 
the surface tension of the mercury on the application of certain 
potentials, as shown by six curves drawn from measurements with 
saturated aqueous solutions of sodium chloride. Microscope scale 
readings are plotted as ordinates and applied potential differences 
as abscisse. Curve B was obtained in the same way from measure- 
ments with saturated alcoholic solutions of the salt. 

It will be observed from the above that although the curves 
obtained with saturated alcoholic solutions of sodium chloride are 


Fie 1. 


2-0 _—_ apis 


> 


1-0 


Microscope scale readings 


ys 


0-40 0-50 0-60 volt 
Applied E.M.F. 


— 


0-5 


flatter in shape than the corresponding ones with aqueous solu- 
tions, yet their maxima denote the same potential in each case, 
within the limits of experimental error. 

Lapworth has suggested that the absolute potential of a metal 
in a saturated solution of a given salt is the same whether the 
solvent be water or some other solvent, provided that each ion 
involved has the same affinity for water as for the other solvent, 
for if a concentration cell is made up with similar electrodes in 
the two saturated solutions, there will be no tendency for the salt 
to migrate in either direction. Hence, neglecting boundary poten- 
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tial (which may, of course, be considerable), the absolute #.M/.F. 
of such a cell would be zero. 

Reasoning from the fact that the transport numbers of all ions 
at present investigated, with the exception of the hydrogen ion, 
have the same values in alcohol as in water, Lapworth concludes 
that the above condition is probably fulfilled in the case of solu- 
tions of sodium chloride in alcohol and in water (p. 864). 

The work described appears to furnish direct evidence in sup- 
port of this theory, but in order to test it further, a new and 
independent series of experiments was carried out on ammonium 
chloride in place of sodium chloride, great precautions being taken 
to ensure accuracy. 


Solutions of Ammonium Chloride in the Capillary Electrometer. 


A. In saturated aqueous solution at 20°. 
Typical experiments: 


(a) Potentiometer reading... 6 8 10 12 14 16 18 #£20cm. 
Microscope scale reading. 5-60 5-82 5-89 5-88 5-81 5-69 5-50 5-28,, 


Potentiometer reading at maximum on the curve ......... =10-8 cm. 
- » for balance with Weston cell ...... =25°9 , 


Since #.M.F. of Weston cell=1°019 volt, absolute potential of 
mercury = 10°8/25°9 x 1:019=0°424 volt. 


(6) Potentiometer reading... 6 8 10 12 14 16 18 20cm. 
Microscope scale reading 6-08 6-30 6-38 6-36 6-30 6-20 6-05 5-80 ,, 


Potentiometer reading at maximum on the curve ......... =10-5 cm. 
: for balance with Weston cell ...... = 25-9 ,, 


prone potential of mercury =10°5/25°9 x 1:019=0°412 volt. 

Further readings on potentiometer for maxima on curves were: 
10°8, 10°5, 11°0, 11°2, 10°9, 10°9, 10°2, 11°0, 10°2, 10°0 cm. 

Average= 10°67 cm. 

Absolute potential of mercury (average) =10°67/25°9 x 1:019= 
0 420 volt. 

B. In saturated alcoholic solution at 20°. 

Typical experiments: 


(a) Potentiometer reading 5 75 10 12-5 15 17-5 20 cm. 
Microscope scale sending: 6-58 6-72 6-77 6-76 6-71 6-62 6-52 ,, 
Potentiometer reading for maximum on the curve ...... =10-6 cm. 

99 - » balance with Weston cell ... =25-75 ,, 
Absolute potential of mercury =10°6/25°75 x 1:019=0°419 
volt. 

(6) Potentiometer reading .. 5 75 10 125 15 17-5 20cm. 

Microscope scale reading 5-55 5-60 5-63 5-62 5-59 551 5-41 ,, 
Potentiometer reading for maximum on the curve ...... =10-8 cm. 


- - .» balance with Weston cell ... .. = 25°75 ,, 


Absolute potential of mercury =10°8/25°75 x 1:019=0°427 
volt. 
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Readings for maxima on other curves were: 10°6, 10°8, 10°0, 
11°4, 10°7, 10°0, 11°4, 11°3, 10°0, 11°0, 10°3, 10°5, 11:0, 10°2, 
10°0, 11°1, 11°0, 11°3, 11°3, 10°7 cm. 

Average= 10°68 cm. 

Absolute potential of mercury (average) =10°68/25°75 x 


1:019=0°423 volt. 

Fig. 2 illustrates the difference between the curves obtained 
with aqueous and with alcoholic solutions. These curves were 
drawn in exactly the same way as those in Fig. 1, although on a 
different scale, the abscisse being halved and the ordinates doubled. 


¢ 
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0-1 


Microscope ecale readings. 


0-2 0-4 0-6 0-8 volt 
Applied E.M.F. 


As before, curve A refers to saturated aqueous solutions, B to 
alcoholic. 

It is evident that these two sets of experiments furnish strong 
support for Lapworth’s theory, and it seems that we have here 
the key for passing from potentials in aqueous to those in alcoholic 
solutions, possibly also to those in any other solvent. 

Further, the absolute potentials in the three aqueous solutions 
as given by the capillary electrometer are at least in the right 
order denoted by theoretical considerations, and are therefore 
more trustworthy than the values given by the dropping electrode. 
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The reliability of these values will be further discussed in Part 
VII of this series. 


In conclusion, the author desires to express his gratitude to Prof. 
Lapworth for his suggestions and interest in the course of this 


work. 


CHEMICAL LABORATORIES, 
UNIVERSITY OF MANCHESTER. [Received, April 7th, 1915.] 


XCIV.—Some Aspects of the Theory of Acids. 
By ArtHurR LAPWworRTH. 


ALTHOUGH it is now widely recognised that the phenomena which 
occur in solutions of acids are highly complex, it is still the custom 
to express the data in terms of the ionisation theory as Arrhenius 
first pronounced it. Whilst the theory in its original form gives 
a correct mathematical statement of certain quantitative relation- 
ships subsisting in highly dilute solutions in a single ionising 
medium, it is decidedly at variance with the properties of con- 
centrated solutions, and breaks down altogether when solutions in 
different media are compared. The “hydrogen ion” in water and 
in alcohol respectively, for example, is not the same chemical 
individual, and it is probable that the same remark applies to the 
non-ionised part of any acid in these two media. 

The phenomena become more intelligible when the theory is 
modified by the introduction of chemical hypotheses based on the 
idea of hydration and solvation. Nevertheless, such hypotheses 
remain somewhat tentative in character, and even if, as is the 
case, they can be shown to be advances on the right lines, they 
are almost necessarily inexact, because there are no means of 
ascertaining the precise extent of the solvation in any instance. 

The activity of an acid in solution undergoes great variations, 
not only on the addition of substances having a basic character, 
but also on changing the medium, even when the degree of ionisa- 
tion remains unaltered. Hitherto, no general method of esti- 
mating such changes in activity has been suggested, although the 
question is obviously one of great general interest. The author 
and his colleagues have repeatedly pointed out that, during some 
of the most remarkable changes which this activity undergoes, the 
parallelism between the catalytic activity and the power of form- 
ing salts with weak bases is complete (so far as the ionised part 
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of the acid is concerned), and two solutions may be regarded as 
being equal in “acidness” when they affect a given weak base 
under fixed conditions in precisely the same manner and to the 
same extent. 


Change in Activity with Change in the Medium. 


The justice of the preceding definition is not likely to be ques- 
tioned when the two solutions are made with the same solvent. 
The author now ventures to suggest that it is the only definition 
capable of being logically extended to the comparison of solutions 
when the media are different. The need for some such criterion 
will be clear from the following considerations. 

Small quantities of water.greatly diminish the speed of reactions 
due to catalysis by ionised acids in alcoholic solutions, and this 
diminution has now been definitely associated with a fall in the 
activity of the cations (“hydrogen ions” *) of the catalyst. It is 
evident from the work of Kistiatowski (Zeitsch. physikal. Chem., 
1898, 27, 253) that the activity of the acid continues to fall over 
a very wide range as solvent alcohol is replaced by water, and 
Dawson (T., 1911, 99, 1), who has studied the influence of such 
replacements throughout the whole range from absolute alcohol 
to water, found that the speed of isomerisation of acetone under 
the catalytic influence of sulphuric acid is more than one hundred 
times as great in the former solvent as in the latter. 

The ratio of the speeds of the catalysed reactions in two media 
does not, however, afford a trustworthy measure of the relative 
activities of the catalyst, as not only the latter, but also all the 
other interacting compounds, may be profoundly modified, for 
example, by solvation, in passing from one solvent to another, and 
to very different extents, so that the ratio, speed in alcohol : speed 
in water, for example, is likely to vary considerably with the 
reaction which is catalytically promoted. Similar objections apply 
to any methods based on measurements of salt “hydrolysis” or 
of the depths of tints communicated to indicators, methods which 
are satisfactory enough when the medium is unchanged. It is 
clear, therefore, that any trustworthy mode of determining the 
relative activities must be based on considerations which are in- 
dependent of the nature of any solutes other than the acid itself. 

Let A and B be two solutions of any acid, and let C be a 
relatively minute quantity of a solution made with a very weak 
base dissolved in any solvent; also let @ be contained in a small 


* Throughout the present paper the cations present in any solution of an 
acid in a given solvent or in a mixture of alcohol and water are referred to as 
“ hydrogen ions,” which term is intended to include both free and solvated ions. 
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“test-vessel”” which is pervious to the non-ionised, unsolvated 
acid only, and let this vessel be immersed successively in A and 
B, and in each case until equilibrium is attained; if the same 
proportion of base in C is converted into salt in both cases, A and 
B are equally “acidic” with respect to the non-ionised acid. This 
is evidently the case when the thermodynamic potential of the 
non-ionised acid is the same in the two solutions. 

It is not possible, strictly speaking, to apply a test such as the 
above for equality in the acidity which is due to the “hydrogen 
ions,” for if the test-vessel were pervious to these ions alone attain- 
ment of equilibrium in the above sense would be impossible, owing 
to the arrest of diffusion by electrostatic charges arising at the 
walls of the “test-vessel.” Analogy suggests, however, that the 
same ultimate criterion as before may be adopted, and that A 
and B are equally “acidic” with respect to the “hydrogen ions” 
when the thermodynamic potentials of these ions are identical in 
the two solutions.* 

In 1913 the author, with W. J. Jones, stated that “the thermo- 
dynamic potential of hydrogen chloride in absolute alcohol is 
depressed by the addition of water, and that to this depression 
may be traced” all the varied phenomena associated with the 
presence or absence of water in such solutions (T., 1913, 108, 
253). It was shown that water caused a diminution in the partial 
pressure of the hydrogen chloride, thus proving that non-ionised 
hydrogen chloride tends to pass from dry to moist alcoholic solu- 
tions. That the same is independently true of the “hydrogen 
ions” was established by the work of Hardman and Lapworth (T., 
1911, 99, 2242; 1912, 101, 2249), who found that the ionic solu- 
tion pressure of hydrogen is smaller in moist than in dry alcoholic 
solutions having the same concentration of hydrogen chloride, and 
to just the extent calculated from measurements on the relative 
catalytic activities and acidities of such solutions. The anti- 
catalytic influence of water was thus successfully associated with 
changes which that substance causes in the thermodynamic poten- 
tial of the catalyst and its cations. 


The Functions of the Ionised and Non-ionised Acids. 


Until very recently the views of the Arrhenius-Ostwald school, 
which attributed the whole catalytic action of an acid to the 


* The author has previously used the function P, the “ availability,” to ex- 
press the power of an acid in solution to form complex hydrions with a weak 
base (T., 1908, 93, 2203; compare also Lapworth and Partington, T., 1910, 
97, 21). The values of P for two solutions therefore become identical when 
the ‘‘ hydrogen ions ’’ have the same thermodynamic potential. 
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“hydrogen ions,” were almost universally accepted. Latterly, 
however, a broader point of view has been reached, and any treat- 
ment of this subject is necessarily disparate which deals with the 
ions alone. The author was conscious of this in 1908, when, pur- 
suing the obvious parallelism between the catalytic activity of an 
acid and its power of forming salts with weak bases, he suggested 
for the first time in a definite manner that non-ionised as well as 
ionised complexes (salts) of the acid take part in the observed 
transformations. On this occasion, also, he pointed out that the 
much discussed effect of neutral salts of strong acids on their cata- 
lytic activities would receive a simple explanation on these lines 
(T., 1908, 98, 2198 et seg.). Independently, and almost 
simultaneously, Goldschmidt made a similar suggestion (Zettsch. 
Elektrochem., 1909, 15, 6),* and later, with Thuesen, was the first 
to provide an experimental proof of the correctness of this idea 
(ibid., 1912, 81, 39). Curiously enough, however, Goldschmidt 
(1909) supposed that the part played by the non-ionised acid would 
assume greatest importance with weak acid catalysts, whilst the 
expressions deduced by the present author showed that, in general, 
the opposite should be true, as has, in fact, been found to be the case 
by Bredig, Miller and Braune (Zeitsch. Elektrochem., 1912, 18, 
535), Snethlage (ébid., 539), and Taylor (Medd. K. Vetens- 
kapsakad. Nobelinst., 2, Nos. 34, 35, and 37). 

The result obtained by these workers is often regarded as a 
proof that the non-ionised acid is catalytically active as well as 
the hydrogen ions; but this is only one of several alternative inter- 
pretations of the fact that there are two simultaneous time re- 
actions, the velocity of one of which is proportional to the concen- 
tration of the non-ionised acid. The original view propounded by 
the present author and by Goldschmidt appears more rational, and 
would also provide some explanation of what appears so remark- 

* These suggestions, although they represent the first definite ones on such 
lines in connexion with the special case of catalysis by acids, were subsequent 
to and, certainly in the author’s case, consequent on the discovery made by 
Senter that non-ionised water as well as hydroxylion is capable of hydrolysing 
chloroacetic acid (T., 1907, 91, 467), and on the work and writings of Acree 
and his co-workers, who had opened a vigorous attack on the view which 
attributed special activity to ions (Amer. Chem. J., 1907, 37, 410; 38, 258; 
1908, 39, 230, ete.) and who have since made very extensive and valuable 
experimental contributions in which the possibility of distinguishing between 
the simultaneous changes in the ionised and non-ionised constituents has been 
definitely proved (compare T., 1914, 105, 2582). The services rendered by 
these pioneers have not, in the author’s opinion, received due recognition ; 
the extension of their work and views to the special case of acids was a 
fairly obvious move, although the practical results in this instance appealed 
with special force to chemists as a whole (compare Lapworth, P., 1909, 25, 
25; Arrhenius, T., 1914, 105, 1424 et seq.). 
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able from the other point of view, namely, why the apparent 
catalytic activity of the non-ionised acid increases with the ionisa- 
tion constant. It is easy to show, for example, that the ratio— 
apparent activity of non-ionised acid: apparent activity of 
“hydrogen ions”—is given by the expression K, x k,/k,K,, where 
K, is the ionisation constant of the acid, K, is that of the salt- 
like complex of the acid with the reactive component, /, is the 
velocity coefficient of the reaction in which the non-ionised com- 
plexes take part, and k, is that of the corresponding change in 
which the complex cations are concerned.* 

Whatever the explanation of the catalytic influence of acids may 
prove to be (compare Lamble and Lewis, T., 1914, 105, 2330; 
1915, 107, 233), it is now clear that the activity of an acid, 
whether as catalyst or as salt-former, is twofold in the above sense, 
and it is permissible to represent its whole activity by the ex- 
pression P+aP’ (compare p. 866). Here / is the “availability,” 
and refers to the activity which may conventionally be associated 
with the “hydrogen ions,” and aP! to that similarly connected 
with the non-ionised acid. It has already been shown that ? is 
independent of the nature of the reaction in which the acid takes 
part; the magnitude of aP’, however, clearly varies with each acid 
and each reaction: but if the convention be adopted that P’ bears 
to the thermodynamic potential of the non-ionised acid the same 
relation that P bears to that of the “hydrogen ions,” then the ex- 
pression P+aP!/ may be said to be a measure of the “ acidness” or 
“acidity” of a solution of a given acid, the value of a only being 
peculiar to the test used as a measure of the “acidness.” The 
magnitude of aP’ becomes negligible with very weak acids and in 
highly dilute solutions of all acids, when the acids and their salts 
are fully ionised, and the activity becomes sensibly equal to P. 


Comparison of Thermodynamic Potentials of (a) Non-tonised and 
(b) “ Hydrogen Ions” in Solutions of an Acid in Different Media. 


In case (a), if the acid is appreciably volatile, the partial 
pressure of its vapour above the solutions may be ascertained; in 
most other instances, however, the comparison is hardly possible, 
and must await the development of the theory of concentrated 
solutions. 

With two solutions in a single medium, the comparison of the 
thermodynamic potentials of the contained “hydrogen ions” 
(case 6) is usually made by measuring the electromotive force of 


* According to Taylor (loc. cit.), the ratio is roughly proportional to the 
square-root of K,, suggesting a fairly definite relationship between k,, k,, 
and K,. 
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a concentration cell with metallic electrodes saturated with 
hydrogen and immersed in the two solutions as cell liquids, a 
correction for the diffusion potential difference at the boundary 
being made by a formula based on Nernst’s theory or by elimin- 
ating that difference by some recognised device. 

When the media are different, the use of these methods involves 
assumptions very difficult to justify, although they have been applied 
to such problems by several workers, including Jones (Zettsch. 
physikal. Chem., 1894, 14, 346), Jones and Smith (Amer. Chem. 
J., 1900, 28, 379), Kahlenberg (J. Phys. Chem., 1899, 3, 379), 
Wilson (Amer. Chem. J., 1906, 35, 78), and by Pearce and Farr 
(J. Phys. Chem., 1914, 18, 731). Thus Neustadt and Abegg 
(Zeitsch. physikal. Chem., 1910, 69, 486) measured the electro- 
motive forces of a number of combinations each made up of several 
solutions in different media in series and in different orders, and 
obtained evidence, in certain instances, of boundary potentials 
amounting to several centivolts, showing that Nernst’s views can- 
not at once be extended to contact potentials between different 
media. 

A more direct method of attacking the problem is that of 
measuring the single potential differences between the hydrogen 
electrode and the solutions the acidities of which are to be com- 
pared. As is well known, however, there is no general agreement 
on the question whether either the dropping electrode or the 
capillary electrometer is a trustworthy instrument for ascertaining 
the null-point for such determinations. At the author’s request, 
Mr. Newbery undertook a series of experiments with the dropping 
electrode as applied to alcoholic solutions (T., 1914, 105, 2553), 
and found it useless for the purpose; his investigation of the 
behaviour of the capillary electrode (this vol., p. 852), however, 
has given results which appear to indicate that this device may 
be applied successfully to such determinations. The following were 
the considerations which determined the lines of this investiga- 
tion : 

A concentration cell with mercury electrodes is imagined to be 
constructed to hold two solutions in the same or in different media. 
The solutions are each saturated with respect to mercurous chloride 
and to sodium chloride, and are separated by a diaphragm which 
is permeable to mercurous ions only. In such a cell, the passage of 
a current leads to solution of metallic mercury in one compart- 
ment, with the separation of an equal quantity of mercury from 
solution in. the other compartment, whilst an equal quantity of 
mercury, as ions, passes from the first to the second solution. On 
the whole, therefore, the only change which has taken place is 


LAPWORTH : SOME ASPECTS OF THE THEORY OF ACIDS. 863 


that metallic mercury has passed from one place to another, and, 
neglecting any influence of gravity, no change in free energy has 
taken place, so that the electromotive force of the cell must be 
zero. 

It does not follow that the single potential difference between 
the mercury and the solution is necessarily the same in each case: 
were the above considerations the only ones available, the con- 
clusion to be drawn is that electromotive force at the boundary 
opposes and exactly balances any discrepancy between the single 
potential differences at the electrodes. When mercury is in con- 
tact with a saturated solution of mercurous chloride, the single 
potential difference depends on the thermodynamic potential of 
the mercurous ions in the solution, and this varies with that of the 
chloridions. When the solution is saturated with respect both to 
mercurous chloride and to sodium chloride, the thermodynamic 
potentials of the non-ionised salts in solution are equal to those of 
the two solid salts respectively, and thus will be the same in all 
solvents at a given temperature; the thermodynamic potentials of 
the separate ions, however, will vary with their relative affinities for 
the solvent. Thus, if one solvent has a great affinity for chloridion, 
but not for sodion, then the thermodynamic potential of chloridion 
in that solution will be much smaller, and that of the sodion corre- 
spondingly greater, than in the similar solution with a solvent 
which has no special affinity for chloridion ; consequently, in con- 
tact with a solution prepared with the former solvent saturated 
with respect both to mercurous and sodium chlorides, mercury will 
have a higher “absolute potential” than in a solution similarly 
prepared with the latter. 

Hydrion has a considerably greater affinity for alcohol than for 
water, but is the only ion for which such a character can be 
demonstrated. The exceptional behaviour of hydrion as compared 
with Na’, NH,, K’, Ag’, NO’s, Cl’, and possibly others, is ex- 
hibited, not only in its chemical character, but also in its trans- 
port numbers, which change completely when alcohol is used as a 
solvent instead of water (T., 1911, 99, 1418). The transport 
numbers of ions in salts, however, or at least those containing the 
above radicles, are the same, or very nearly so, in alcohol and 
water, and this suggests either (1) that these ions, unlike 
hydrion, have no affinity for either solvent, or (2) that all these 
ions have approximately the same affinity for water and also for 
alcohol; the latter view would appear wholly rational if these 
“affinities” are due solely to the electric charges on the ions. 

If this interpretation of the data on transport numbers is 
correct, then the single potential differences between metallic 
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mercury and solutions saturated with both mercurous and sodium 
chlorides must be nearly the same in alcoholic as in aqueous solu- 
tions. Mr. Newbery’s experiments appear to confirm this idea in 
a most striking manner, the agreement found being even closer 
than was anticipated; both in this instance and in the case in 
which ammonium chloride was used instead of sodium chloride, the 
single potential difference, as estimated by the capillary electro- 
meter, appeared to be the same, within the limits of experimental 
error, whether the solvent was water or alcohol. 

The history of the problem of determining single potential differ- 
ences offers forcible proof of the danger of regarding any appar- 
ently reasonable solution of the question as a final one, and none 
is likely to be generally accepted until it has withstood a long 
series of stringent tests. Mr. Newbery’s results, however, show a 
striking agreement with the a priori considerations which led 
to them, and inspire further confidence by their general harmony, 
not only among themselves, but with the most acceptable results 
obtained by previous workers. Assuming the correctness of the 
principle, it becomes possible, by measuring the electromotive forces 
of galvanic combinations involving no contacts between different 
media, to compare single potential differences at (‘‘absolute poten- 
tials”’ of) electrodes in solutions made with two different solvents. 

From the data obtained, Mr. Newbery calculates that the single 
potential difference at the hydrogen electrode in contact with a 
decinormal solution of hydrogen chloride in anhydrous alcohol at 
25° is about 0°299 volt, that at the electrode in contact with a 
decinorma! aqueous solution of hydrogen chloride at this tempera- 
ture being about 0°186* volt. Thus the difference in the electrical 
potential of the electrode in the two cases (when there is no differ- 
ence between the electrical potentials of the two solutions) is 
roughly 0°113 volt, hence the difference in the thermodynamic 
potentials of the “hydrogen ions” in the two solutions is about 
2625 cal., or 11x10" ergs per gram-equivalent. The thermo- 
dynamic potential of the “hydrogen ions” in the V/10-alcoholic 
solution is therefore about the same as that in an aqueous solution 
having a concentration of “hydrogen ions” eighty-two times as 
great as in the J/10-aqueous solution. Considerable un- 
certainty exists as to the degrees of ionisation of strong electro- 
lytes, but adopting 0°5 as representing the maximum _ possible 
fraction of hydrogen chloride ionised in W/10-alcoholic solution, 
and 0°8 as the minimum ionised in V/10-aqueous solution, it may 


* This number is the one deduced from Palmaer’s results with the dropping 
electrode with which Mr. Newbery’s measurements, made with the capillary 
electrometer, are in close agreement. 
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be concluded that the “acidness” of an alcoholic solution of fully 
ionised hydrogen chloride is at least 130 times as great as that of 
an aqueous solution having the same volume-concentration. 
Dawson (/oc. cit.) found that the speed of isomerisation of 
acetone by sulphuric acid is rather more than 100 times as great 
in alcohol as in water, and although for several reasons no precise 
comparison between the two cases is possible, it is at least 
significant that the magnitude of the apparent change in “acid- 
ness” due to change in the medium is of the same order as that 


deduced by the electrical method. 


Chemical Interpretation of the Anticatalytic Action of Water on 
Alcoholic Hydrogen Chloride. 


In previous papers the author, with his colleagues, has shown 
that, from a chemical point of view, the results obtained with 
ionised hydrogen chloride are best reconciled with the assumption 
that the water diminishes the concentration of the free hydrogen 
ions and any complexes of the latter with the solvent. It should, 
however, be made clear that the data already obtained furnish 
the basis for a theoretical proof of the validity of the writer’s 
view. An outline of this proof may be given: 

Hardman and Lapworth (T., 1911, 99, 2242; 1912, 101, 2249) 
found that the electromotive force of a concentration cell, with 
hydrogen electrodes and with alcoholic hydrogen chloride at the 
same concentration in both compartments, but with a little water 
* 


in one compartment only, is given by the expression arin = , 
r+w 


where 2, 7, and F have their usual significance, r is a constant 
for the alcohol at a given temperature, and w is the number of 
gram-molecules of water per litre in the moist alcohol. The 
formula given applies when the boundary 4.M.F. has been 
eliminated, and it follows that the single potential difference at 
(absolute potential of) the electrode in alcohol containing water 
and hydrogen chloride at given concentrations is expressable in 


the form kr), : 
F r+ 


ms where d is a constant, and that the thermo- 


, 


dynamic potential, z, of the “hydrogen ions” has the form 


RT .ln 


» where } is another constant which, like d, depends 
r+w 


on the concentration of the acid . . ...... . (I)t 


* In this and the following expressions the influence of external pressures 
on the values of thermodynamic potentials of solute is neglected, so that 
the expressions take the same form as those for the free energies. 

t It has been shown that the “ availability,” P, is proportional to 1/r+w 
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Let the cations in alcoholic hydrogen chloride be either free or 
solvated or both, say: H’°,H(HOEt)’,H(HOEt)’,,H(HOEt)’;, 
etc., and let the numbers of these present in a given quantity of 
a solution be 7, m9, ng, etc.; also let the total number of all these 
be WV, and the total number of molecules (acid, solvent, cations, 
and anions, etc.) be Sn. From the thermodynamic theory of 
dilute solutions it follows that the thermodynamic potential per 
gram-molecule, z, of each type of hydrion is the same as that of 
the cations (“hydrogen ions”) as a whole, or 


n My _ a ’ N 
= RT. ink, 3) = RT ink, = Brien @ RT ink ‘ro. 
whence, of course, k,n,=hkyng=kyng= ... =KN (hy, hy, ete., 


being constants). 


; . NV 
Comparing (1) and (11), we have, putting ome}, etc. and (= Sn’ 
b 
= =m... =£0= —_. 
hye, = kyly C cea 


It has been shown experimentally that at 0° the value of r is 
about 0°05, so that if we compare, at 0°, two alcoholic solutions 
containing the same quantity of ionised hydrogen chloride, one of 
which is anhydrous and the other contains, say, one gram-molecule 
of water per litre (about 2 per cent.), then, in the latter, w=1°00, 


and the ratio (dry) /c(moist)="*" =! —91, that is, the addi- 


r UVo 
tion of 2 per cent. of water has reduced the quantities = 
% 


Ny N 
Sc Ss 
The supposition that the addition of one gram-molecule of water 
to one litre of the solution has increased Sn, the total number of 
gram-molecules, twenty-one times, is kinetically and thermo- 
dynamically absurd, for the above relations hold good in the 
presence of vanishingly small quantities of hydrogen chloride, and 
would require that the molecular weight of the alcohol had fallen 
to about one-twentieth of its original value. It is necessary to 
conclude, therefore, that the fall is due almost wholly to the 
decrease in the values of ,, mo, m3, . . . , and W, and this was the 
writer’s original proposition. 


to about one-twentieth of their original values. 


(T., 1910, 97, 22), so that the relation of P to z is given by : P=ae/R7, where a 
is a constant at a fixed temperature. Similarly, P’=a’e:/7, where z’ is the 
thermodynamic potential of the non-ionised acid and a’ is another constant. 
The absolute magnitudes of z and z’ depend on the zero adopted for thermo- 
dynamic potentials, but as a and a’ are also wholly arbitrary we may define P 
and P’ by putting them equal to e/£7 and e-/4T respectively. 
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It may be noted that whilst the value of WV decreases so very 
largely, the total number of ions present in the highly dilute solu- 
tion does not greatly alter, so that about WV x 20/21 cations of a 
new type have appeared, replacing those which have vanished ; 
these new cations cannot be supplied by ionisation of the water 
(T., 1908, 98, 2166, 2167) nor by new combinations of the 
hydrogen ions with the alcohol alone, and must therefore contain 
water with or without alcohol of solvation. 

The effect of water on the “hydrogen ions” in alcoholic solu- 
tions must therefore be due to reactions, which are expressed by 
the equations: 

H’+H,O=H-H,0'," 
or, generalised, 
H(HOEt)’, + H,O = H:(H,O)(HOEt)"*, + («-—y)HOEt, 
the former of which Goldschmidt and Udby were the first to use 
in their paper on esterification (Zeitsch. physikal. Chem., 1907, 
60, 728). 

Ultimately, a mode of directly comparing the ratio of free 
(unsolvated) hydrogen ions in alcohol and water, respectively, would 
have much interest. In considering the interpretation of the data 
available for the effect produced by change of solvent from alcohol 
to water, it is probable that for a highly dilute solution the thermo- 
dynamic potential of any single chemical individual (for example, 
H’, the free, hypothetical, unsolvated hydrogen ion) is given by 


the above expression, RT’. ln a, and that 4, is practically inde- 
pendent of the nature of the solvent. The thermodynamic poten- 
tial of the hydrogen ions would thus become identical in the two 
media when 21 ="1 [or “1—"1 in highly dilute solution |, where 
sa Sn Ny ny 

m,, n', are the numbers of free hydrogen ions, 3” and 3n’ are 
the total number of molecules present, and m, and my) the total 
number of solvent molecules. 

The imperfect state of our knowledge of the true association 
factors of liquids precludes any comparison being made between 
the numbers of free hydrogen ions present in any alcoholic and 
aqueous solutions. 

ADDENDUM. 


Direct Determination of Transport Number of Hydrion and 
Lithion in Alcoholic Solutions of Hydrogen and Lithium 
Chlorides. 


This magnitude has repeatedly been discussed, but no experi- 
mental data on its direct determination have yet been published. 
Mr. R. T. Hardman has made a large number of determinations at. 
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25° in the author’s laboratory, using an apparatus similar to that 
figured in Ostwald-Luthers’ “ Physicochemische Messungen’’ (3rd 
edition, 1910, p. 504), but with the left-hand tube in U-form, 
detachable, and provided with a ground-glass plug at the junction. 
The following were the last series of numbers obtained, the last 
four representing the results of experiments with the most dilute 
solution of alcoholic hydrogen chloride it was found possible to 
deal with. The solution in the cathode compartment was removed 
at the end of each experiment, measured, then diluted to a definite 
alcohol—water concentration, and its strength carefully determined 
by titration with standard alkali free from carbonate. In all 
instances the composition of the solution in the middle of the cell 
was checked in similar manner at the end of the experiment, and 
found to be unaltered. 

In the table, a@ was the total volume of cathode solution re- 
moved for analysis; 6 was the initial concentration of the alcoholic 
hydrogen chloride in gram-molecules per litre; ¢ was its final con- 
centration ; d the increase in weight of the copper plates used as 
voltameter, and (1—m) the value of the transport number of 
hydrion deduced from the data. In experiment (v), however, a 
hydrogen voltameter was used, and here the volume of moist 
hydrogen is given under d: 


a. b. c d. (1—n). 

(i) 60-2 c.c. 0-8360 0-797 0-230 0-32 

(ii) 60-0 ,, 0-1110 0.0982 0-0746 0-31 

(iii) 61-5 ,, 0-1110 0-0988 0-0783 0-30 

(iv) 61-0 ,, 0-1110 0-0987 0-0691 0-29 
29-7 c.c. moist 

(v) 60-0 ,, 0-1110 0-0982 H, at 17° 0-32 

and 757 mm. 
Average......... = 0°31 


A series of experiments was also made in which the concentra- 
tion of the cathode mixed liquor was determined by comparing its 
conductivity with that of the initial solution. The results, which 
are certainly much less trustworthy than the above numbers, gave 
a mean value for (1—n)=0°37. In similar manner, Mr. J. I. 
Crabtree has very carefully determined the value of the migration 
ratio of lithion and chloridion in absolute alcohol; his numbers 
for (l—n) varied from 0°63 in V/5-solution to 0°65 in V/25-solu- 
tion, and thus confirm the conclusions formerly deduced from the 
results of Véllmer and others (compare T., 1911, 99, 1417 et seq.). 
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XCV.—isoQuercetone. 
By MaximiLian NIERENSTEIN. 


By the oxidation of quercetin (I) with chromic acid, Nierenstein 
and Wheldale (Ber., 1911, 44, 3487) obtained quercetone (IT), 
which yields hydroxyquercetin (III) on simultaneous acetylation 
and reduction and subsequent saponification. The latter is 
isomeric with gossypetin, quercetagetin, and myricetin, but not 
identical with either of them (A. G. Perkin, T., 1913, 103, 661). 
A similar oxidation product was obtained by Perkin by the action 
of pbenzoquinone on gossypetin; he assigned to it the name 
gossypetone, and the probable constitution of an ortho-quinone. 
The present communication appears to confirm Perkin’s interpreta- 
tion of his reaction, since hydroxyquercetin, on oxidation with 
p-benzoquinone, also gives an ortho-quinone, for which the name 
isoguercetone (IV) is proposed. 


O OH 0 Oo OH 
* in ie, SO al Y a it, Ee i 
HO)“ \—_< Sou Hof \)—_<"_ ou 
AZ 7 
U O CO 
(L.) (II.) 

OH O OH Oo O OH 
mo \/\—< Som ~ af Y>—< on 
\ lon | J. ton \—7 
a de, a si 
OH CO OH CO 

(III.) (IV.) 


EXxPERIMENTAL. 


The preparation of isoquercetone was the same as that, given 
by A. G. Perkin (Joc. cit.) for gossypetone, the average yield being 
87 per cent. of the theoretical : 

0°1156 gave 0°2411 CO, and 0°0286 H,O. C=56°88; H=2°77. 

C,,;H,O, requires C=56°95 ; H=2-53 per cent. 
isoQuercetone resembles gossypetone in its general properties and 
colour reactions, but apparently differs from it in its dyeing quali- 
ties. The following shades are produced on mordanted cotton: 


Chromium. Aluminium. Tin. Tron. 
Chocolate-brown. Greenish-brown. Brick-red. Greenish-brown. 


In order to convert isoquercetone into hydroxyquercetin, 0°5 
gram of the former in 50 c.c. of acetic anhydride was heated for 
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five hours with 10 grams of zinc dust, and the filtered solution, 
when cold, diluted with water. The white precipitate thus 
‘ obtained gave on hydrolysis 0°47 gram of crude hydroxyquercetin, 
which crystallised from alcohol and water (2:3) in microscopic 
yellow needles, melting at 351—354°. (Found, C=56°59; 
H=3'26. C,,H,O, requires C=56°63; H=3-17 per cent.) 
Methylation—All attempts to methylate isoquercetone with 
methyl sulphate or methyl iodide having failed, diazomethane was 
used as a methylating agent, but here also difficulties had to be 
overcome, since it was found that the isoquercetone tetramethyl 
ether was formed only if the exact theoretical amount of diazo- 
methane (4 mols.) was used. When an excess (5—5} mols.) of 
diazomethane was employed, the products were 7 : 8-methylenedioxy- 
3:5: 3’: 4/tetramethoxyflavone and traces of a nitrogenous sub- 
stance, which has, so far, not been fully investigated.* The 
ethereal solutions of diazomethane were therefore always quanti- 
tatively tested by the benzoic acid method of Marshall and Acree 
(Ber., 1910, 43, 2323) before using them for methylation. 
isoQuercetone tetramethyl ether, C,;H,O,(OMe),, crystallises 
from absolute alcohol in glistening yellow needles, which melt at 
242—-244°, It is also moderately soluble in acetic acid or acetone, 
from which solutions it is obtained in felted, yellow needles: 
0°1533 gave 0°3461 CO, and 0°0602 H,O. C=61'57; H=4:39. 
C,9H,,O, requires C=61'29; H=4°32 per cent. 
isoQuercetone tetramethyl ether condenses with tolylene-3: 4- 
diamine, forming the azine: 


Me/ \ 
ade 
a f 9 OMe 
YY’ Y’ \—_ Dome 
ci tr 
OMe CO 


For this purpose, 0°5 gram of the tetramethyl ether was dis- 
solved in 8 c.c. of glacial acetic acid, and heated on the water- 
bath with 0°5 gram of the tolylenediamine in 5 c.c. of glacial 
acetic acid. After about forty-five minutes crystals commenced 
to separate, and soon afterwards the mixture became apparently 
solid. The product, after being collected and washed with acetic 


* I am at present engaged in an investigation of the behaviour of diazo- 
methane towards a-diketones, and am under the impression that the forma- 
tion of similar products is a fairly general one, as already observed by Francis 
and Wilson (T., 1913, 103, 2240) in the case of 5: 5-dibromo-l : 1 : 2 : 2-tetra- 
methyleyclopentane-3 : 4-dione. 
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acid, was redissolved in glacial acetic acid, from which it separated 
in deep red prismatic needles, melting and decomposing at about 
328—331°: 

0°1962 gave 11°0 c.c. N, at 30° and 716 mm. N=6'17. 

C,H.0,N, requires N =6°11 per cent. 

When fused with alkali or boiled with alcoholic potassium 
hydroxide, isoquercetone tetramethyl ether yields veratric acid 
(small needles from water, m. p. 179—180°). (Found, C=59°12; 
H=5'72. C,H, 0, requires C=59°32; H=5°49 per cent.) Here, 
as in the case of quercetone (Nierenstein and Wheldale, loc. cit.) 
and chrysone (Nierenstein, Ber., 1912, 45, 499), no definite fission 
product derived from the second nucleus was formed, although the 
methyl ether had been used for hydrolysis. 

Tetra-acetylisoquercetone, C,,H,O,(O-CO-CHs),, is formed in the 
usual way by boiling isoquercetone with acetic anhydride. It 
crystallises from s-tetrachloroethane in long yellow needles, which 
melt and decompose at about 238—242°. It is sparingly soluble 
in boiling alcohol, from which it separates in prismatic needles, 
which have the somewhat sharper melting point 240—242°; this 
preparation was therefore used for analysis: 

0°1132 gave 0°2387 CO, and 0°0342 H,O. C=57°51; H=3°38. 

Cy3H,g0j;. requires C=57'02; H=3°35 per cent. 


7: 8-Methylenediozy-3: 5: 3! : 4/-tetramethozyflavone, 


~~ -O ~ OMe 
ee ee 
pan ON Ee EP pare 
V7 
OMe CO 


This compound can be prepared either by methylating 
isoquercetone with an excess of diazomethane, or, preferably, by 
treating tsoquercetone tetramethyl ether suspended in ether with 
one and a-half molecular proportions of diazomethane. On 
evaporation of the ether, a mixture consisting of the methylene 
dioxy-derivative and a nitrogenous substance is left; the two sub- 
stances can be separated by repeated recrystallisation from benzene, 
in which the methylenedioxy-derivative is less readily soluble. 
The pure 7: 8-methylenedioxy-3: 5:3’: 4/-tetramethoxyflavone 
crystallises from benzene and alcohol in pale yellow prismatic 
needles, which melt at 192—193°: 


0°1946 gave 0°4457 CO, and 0°0832 H,O. C=62:46; H=4°78. 
Cy9Hs03 requires C= 62°22; H =4°68 per cent. 
In order to eliminate the methylene group, 5 grams of the pro- 
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duct dissolved in 25 c.c. of absolute alcohol were heated in a sealed 
tube for five hours at 200° with 75 c.c. of absolute alcohol satu- 
rated with hydrogen chloride. The tube contained a considerable 
amount of carbon, which had been formed, as in the case of 
piperonal, when heated with hydrogen chloride under the same 
conditions (Fittig and Remsen, Avnnalen, 1872, 168, 96). The 
solution was filtered, and the residue extracted with alcohol. The 
alcoholic solutions were then evaporated to dryness under 
diminished pressure, and the residue was extracted with cold 
alkali. The solution gave, when acidified with sulphuric acid, a 
bulky precipitate, which, however, did not crystallise, although it 
was soluble in alcohol, acetic acid, ethyl acetate, or acetone. The 
precipitate appeared to consist mainly of 7: 8-dihydroxy- 
3:5: 3/: 4/tetramethoxyflavone, since, on treatment with an 
excess of diazomethane, it gave 3:5: 7: 8: 3/: 4/-hexamethoxy- 
flavone, which was also identified by comparing it with the same 
hexamethoxyflavone obtained by methylating with diazomethane 
3-hydroxy-5: 7: 8: 3’: 4/-pentamethoxyflavone, previously described 
by Nierenstein and Wheldale (loc. cit.). 

The substance crystallises from alcohol or benzene in colourless 
needles, melting at 142—144°. A mixture of the two preparations 
melted at 142—143°. (Found, C=62°36; H=5°86. C,,H,.O, 
requires C=62°68 ; H=5°47 per cent.) 


Some of the materials used in this investigation were purchased 
by means of a grant made by the Colston Society of the University 
of Bristol, for which the author wishes to express his thanks 

Bro-CHEMICAL LABORATORY, 


CHEMICAL DEPARTMENT, 
UNIVERSITY OF BRISTOL. [Received, April 21st, 1915.] 


XCVI.—The Occurrence of Flavone as the Farina 
of the Primula. 


By Hvuco MULter. 


Many species of primula exhibit a characteristic dusty or mealy 
secretion on their leaves, flower stalks, and seed capsules, known 
to gardeners as meal or farina, and this peculiarity is specially 
pronounced in the case of certain specimens introduced in recent 
times from China and Japan. Similar cuticular exudations are 
of frequent occurrence in plants, and often give a characteristic 
appearance to leaves, fruits, and other parts, and it therefore 
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appeared of considerable interest to endeavour to ascertain the 
chemical nature of the secretion, especially as a preliminary ex- 
amination had shown that it was not, as was at first supposed, of 
a wax-like nature. It was found possible to collect some of the 
powder with the aid of a brush from a considerable number of 
plants of P. pulverulenta, and also by sifting the seeds and seed 
capsules, and this formed part of the material for the present 
investigation, but some was also obtained from P. japonica and 
other specimens. The substance collected from the plant in this 
way is a soft, mealy powder, and is either quite white or has a 
faint yellow tinge. With the exception of a minute quantity of 
accidental impurity, the powder is readily soluble in the usual 
organic solvents, and it was found that light petroleum was the 
most suitable for its purification, because it is fairly readily 
soluble in the boiling solvent, and separates almost completely on 
cooling in bulky, crystalline tufts, which cause the solution, if 
concentrated, to appear nearly solid. By this means, a product 
was obtained which, after recrystallisation, had the appearance of 
being homogeneous and pure. The final mother liquors yielded a 
small quantity of wax-like substances, and it is clear that the 
material under examination consisted almost entirely of the sub- 
stance obtained in the form of the silky, crystalline tufts. 

As only a portion of the powder could be removed from the 
plant by the brush and by sifting, the remainder was obtained by 
extracting with benzene, in which the powder is readily soluble. 
In this case, the process of purification is more troublesome, 
because the benzene extract contains a considerable quantity of 
wax and other substances which hinder crystallisation; but the 
difficulty was finally surmounted by a preliminary treatment of 
the benzene extract with a weak solution of sodium hydroxide in 
the cold, which dissolves a considerable portion of the impurities. 
The residue was then digested with 40 per cent. alcohol, in which 
the wax is sparingly soluble, and, after repeated alternate re- 
crystallisation from this solvent and light petroleum, the substance 
was obtained in a pure state: 

0°0892 gave 0°2647 CO, and 0°0372 H,O. C=80°9; H=4°6. 

01507 ,, 0°4475 CO, ,, 00614 H,O. C=81:0; H=4°5. 

C,;H,,9O, requires C=81'1; H=4°5 per cent. 

This formula was also confirmed by molecular-weight determina- 
tions made by the cryoscopic method. The substance melts at 
99—100°, and, when heated in a charcoal vacuum, distils without 
change. It is readily soluble in alcohol, acetone, benzene, and 
the usual organic solvents; in concentrated sulphuric acid and 
nitric acid it dissolves, and on addition of water separates appar- 
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ently unchanged. In cold water it is almost insoluble, but when 
boiled with water it dissolves to a slight extent, and, on cooling, 
the solution first becomes milky, and later on deposits silky tufts. 
It is insoluble in cold dilute sodium hydroxide, but on boiling 
dissolves gradually, yielding a yellow solution, and at the same 
time the characteristic odour of acetophenone becomes perceptible. 
Decomposition takes place still more readily when the substance 
is digested with methyl alcoholic sodium hydroxide, but the most 
satisfactory result was obtained by the use of methyl alcoholic 
barium hydroxide. When the substance is mixed with this 
reagent in the cold, it rapidly changes to a bright orange, crystal- 
line mass, the solution becomes deep yellow, and, on warming, the 
odour of acetophenone becomes very perceptible. After remain- 
ing overnight, water was added, the whole saturated with carbon 
dioxide, and submitted to distillation in steam, when, so soon as 
the methyl alcohol had been removed, a milky distillate passed 
over, from which a heavy oil separated. This crystallised on cool- 
ing with ice, and melted again when the temperature was raised 
to about 20°; the addition of phenylhydrazine acetate caused the 
separation of acicular crystals of a phenylhydrazone, which melted 
at 105°, and there can, therefore, be no doubt that the oil was 
acetophenone. The yellow solution left in the steam distillation 
flask was diluted considerably with water, acidified with a slight 
excess of hydrochloric acid, and the yellow precipitate collected, 
washed with water, dried, and recrystallised from methyl alcohol 
with the aid of animal charcoal. This new substance separates 
from methyl alcohol, in which it is sparingly soluble in the cold, 
in beautiful yellow prisms,* and melts at 120°: 

0°1086 gave 0°2988 CO, and 0°0502 H,O. C=75°0; H=5'3. 

C,;H,,0; requires C=75°0; H=5°0 per cent. 

I am indebted to Mr. T. V. Barker for the following crystallo- 
graphical examination of this substance. 

This substance crystallises in the monoclinic system. Complex- 
symbol: + 


* In some of the experiments the yellow colour of the crystals was very 
faint and it is possible that the substance is, in reality colourless. 

+ In the following description the indicss are allotted in accordance with 
the principles adopted by Fedorov in his work on the correct setting of 
crystals. The “‘ complex-symbol” unambiguously epitomises the crystallo- 
graphic characters which distinguish the compound from every other 
substance, and will facilitate any future identification by the method of 
crystallochemical analysis. 


we 
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The habit of the original crystals (from alcohol) was prismatic 
(see Fig.), owing to an elongation along the symmetry axis, the 
forms being ¢c{001}, r{101}, a{100}, m{110}, and m{130}. Since 
the crystals afforded very poor reflexions on the goniometer, the 
substance was recrystallised from acetone. The crystals thus 
obtained differed from the original specimen in the following par- 
ticulars: although the habit was again prismatic, the elongation 
was parallel to the edge mm, the predominant prismatic form 
being ; moreover, the form s{101} was occasionally observed. 
Following are the results of the goniometrical measurement. 

Ratios of the axes a: 6b: c=1°06: 1: 1°50; B=1023°: 


Mean measured. Calculated. 
ar = 100: 101 39}°* — 
re = 101: 001 634* — 
cs = 001: 101 47 464° 
sa = 101: 100 30} 30} 
nn = 130: 130 36* — 
am = 100: 110 464 46 


An optical determination carried out on the Fedorov universal 
stage gave the following results: Axial plane (010); positive acute 


o-Hydroxydibenzoylmethane. 


disectrix exactly parallel to the vertical edge mm. Observed 
(uncorr.) axial angle 75°. Pleochroism strong: y=deep yellow, 
B=light yellow, a=colourless. Double refraction, strong. 

The yellow substance, melting at 120°, gives a deep violet 
coloration when ferric chloride is added to its alcoholic solution. 

It is readily soluble in sodium hydroxide, and, if the deep 
yellow solution is boiled, it is decolorised; drops of acetophenone 
separate, and the filtered liquid gives with hydrochloric acid a 
colourless, crystalline precipitate, which consists mainly of sali- 
cylic acid, but contains a small quantity of another acid, which 
is doubtless benzoic acid. 

When the yellow substance is digested with acetic anhydride 
and a little anhydrous sodium acetate for half an hour, it yields 
a colourless acetyl derivative, which crystallises from alcohol in 
needles, and melts at 118°: 

0°1018 gave 0°2883 CO, and 0°0432 H,O. C=77:2; H=4°7. 

C,,H,,0; requires C=77°3; H=4°5 per cent. 
The dilute aqueous filtrate from which the yellow substance 


876 MULLER: THELOCCURRENCE OF FLAVONE 


(m. p. 120°) had been precipitated by hydrochloric acid, as ex- 
plained on p. 874, and which contained barium chloride, was 
exactly freed from barium by sulphuric acid and concentrated on 
the water-bath. As the concentration proceeded, slender crystals 
gradually formed, and these, after collecting, washing, and dry- 
ing, exhibited all the reactions of salicylic acid; thus, for example, 
the solution in water gave a violet coloration with ferric chloride, 
and, on distillation with lime, the odour of phenol was recog- 
nised. The melting point was, however, much too low, namely, 
about 130—135°, and this was apparently due to slight admixture 
with benzoic acid, which was difficult to remove. However, by 
fractional distillation in steam and subsequent fractional crystal- 
lisation from light petroleum, glistening needles were ultimately 
obtained, which softened at 150°, melted at 153—154°, and con- 
sisted of almost pure salicylic acid. (Found, C=61'5; H=4°6. 
Calce., C=60°9; H=4°4 per cent.) 


The Identity of the Substance (m. p. 99—100°) from the Farina 
of the Primula with Flavone. 


The substance (m. p. 99—100°) has the formula C,;H,,O,, and, 
on hydrolysis with baryta, is converted into the yellow substance, 
C,;H,;.0, (m. p. 120°), which, by the continued action of alkalis, 
decomposes into acetophenone and salicylic acid: 

C,5H 90, + H,O=C,5H03. 
M. p. 99°. M. p. 120°. 
C,,;H,.0; + H,O = OH-C,H,-CO,H + CH,°CO-C,H,,. 


It follows that the substance, C,;H,.0,, must be o-hydroxy- 
dibenzoylmethane, OH-C,H,-CO-CH,°CO-C,H,, a substance which 
does not appear to have been previously described. If water is 
eliminated from this substance, so as to ascertain the constitution 
of the substance, C,,;H,O,, the most natural direction of the 
change would be for the enolic modification of the diketone to 
lose water according to the scheme: 


-0- 
(OH OB-C-0,H, (YY Noe, 


se +H,0, 
Wee OT hy 


Noo JC 


and, if this view is correct, it follows that the substance, 
C,;H9O., of which the farina of the primula essentially consists, 
must be flavone. 

Flavone was first obtained by Kostanecki and Feuerstein (Ber., 
1898, 31, 1758) from 2-acetoxyphenyl styryl ketone dibromide by 
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the action of alkalis, the acetyl group and hydrogen bromide being 
eliminated during the process: 


-O- 
(OH Br-CH-C,H, ‘ oy Nyc + iti 


WN \A oo" 
Subsequently (Ber., 1900, 33, 333), the same investigators 
showed that flavone is readily produced when o-ethoxydibenzoyl- 
methane is boiled with hydriodic acid: 


7" OC i 
( OE HO-C-CH, _ os a — 


Wroo™ \/ Neg 

When obtained by either of these reactions, flavone crystalliséd 

in colourless needles, melting at 97°, and, when hydrolysed with 

alkalis, it yielded acetophenone, salicylic acid, benzoic acid, and 

o-hydroxyacetophenone, and although Kostanecki and Feuerstein 
assume that o-hydroxydibenzoylmethane, 

OH-C,H,°CO-CH,°CO-C,H,, 

is an intermediate stage, they did not succeed in isolating this 
substance from the product of hydrolysis. 

It will be seen that flavone, prepared synthetically by either 
of the above methods, has properties which are practically identical 
with those of the substance, C,;H,,O, (m. p. 99—100°), obtained 
from the farina of the primula. In order to leave no doubt as 
to the identity, a small quantity of flavone was prepared by the 
second of the synthetical methods described above, and a careful 
examination showed that the pure substance melts at rather a 
higher temperature than Kostanecki and Feuerstein state, namely, 
at 99—100°, and that, on hydrolysis with alcoholic barium 
hydroxide, it yields o-hydroxydibenzoylmethane (m. p. 120°); 
furthermore, no alteration in melting point was observed when the 
substance from the primula was mixed with synthetical flavone. 

The observation that the farina of the primula consists of 
flavone in an almost pure condition is a matter of considerable 
interest, and it does not appear that this substance had previously 
been observed in the vegetable kingdom, although it has long been 
known that many of the yellow colouring matters, for example, 
quercitrin, chrysin, and luteolin, which are so widely distributed 
in plants, are hydroxy-derivatives of flavone. 

It is difficult to form any idea of the physiological function 
which flavone exercises in the economy of the plant life of the 
primula. 

The fact that it is excreted so freely on the surface of the plant 
would seem to imply that it is of no further use in the life process, 
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although its repellent action towards water may be a useful 
function. 

In this connexion, it may be mentioned that, whilst in some 
species of primula, as, for example, in P. auricula, the leaves are 
covered all over from an early stage, in others, such as P. frondosa, 
only the underside is covered. Generally speaking, the flavone 
makes its appearance only with the development of the in- 
florescence, and its secretion increases with the maturation of the 
seeds, as, for example, in the case of P. kewensis, P. japonica, 
P. cockburniana, P. pulverulenta, and others. 

It is remarkable that the excretion of flavone does not appear 
to be a necessary result of the life process of the plant. It has, 
for instance, been observed that, amongst a -number of plants of 
P. denticulata raised from seed, there were several the leaves of 
which did not secrete any flavone, and yet they were perfectly 
healthy, and the same behaviour has also been noticed in the case 
of P. capitata. The reason for the occurrence of flavone is there- 
fore, in the meantime, as much a puzzle as that of the occurrence 
of so many other substances, often of much more complicated 
nature, as normal secretions of plants. 


In conclusion, I wish to record my thanks to Prof. Perkin for 
the interest he has taken in this investigation and the analyses he 
has kindly made for me in the chemical laboratory, Oxford. 


Davy-FarapAy LABORATORY, 
Roya INSTITUTION. [Received May 3rd, 1915.] 


XCVII.—Phthalides of the Benzene, Naphthalene, 
and Carbazole Series. Part I. 


By Maurice Copisarow and CHARLES WEIZMANN. 


Tue object of this investigation was the synthesis of new phthalides, 
derived from o-xylene, a-ethoxynaphthalene, and 9-ethylcarbazole, 
by condensing these substances with phthalyl chloride in the 
presence of aluminium chloride. 

It has been found in the cases investigated that, besides the 
lactone, an acid by-product is formed, the proportion of which to 
the main product depends on the substances used (being at a 
minimum in the case of 9-ethylearbazole) and the temperature of 
the reaction. 

It has been observed in all these cases that the lower the 
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temperature of the reaction the greater is the amount of acid 
formed, this being in complete accord with the results obtained 
by Scheiber (Annalen, 1912, 389, 121) in the case of the con- 
densation of phthalyl chloride with benzene. 

The general mechanism of the reaction and its dependence on 
temperature become clear in the light of the work of Meyer 
(Monatsh., 1904, 25, 475, 1177; 1907, 28, 1211) on the isomeric 
chlorides and esters of o-benzoylbenzoic acid; of Goldschmidt and 
Lipschitz (Monatsh., 1904, 25, 1174) on those of fluorenoyl- and 
naphthoyl-benzoic acids, and of Scheiber (loc. cit.) and Ott 
(Annalen, 1912, 392, 275), who isolated asymmetric phthalyl 
chloride, and thus brought into accord the evidence, obtained by 
chemical and physical methods, as to the structure of phthalyl 
chloride. 

The phthalyl chloride, prepared in the ordinary way, is the 
symmetric isomeride, and reacts at a low temperature according to 


the equation 
0-Cl O'R 
CH.<Go.c + HR = OH.<608 + HCl. 


The decomposition by water of the product of the reaction at this 
stage is represented by the equation 
Co-R CO-R 
CH.<60-c) + H,O = CsH.<C0,H + HCl. 
If the reaction is continued at a higher temperature, two intra- 
molecular changes take place in the presence of aluminium 
chloride: 


COcl CCl 
CH<cod 2 2 CpH,<G920 


and 
CO-R CCIR 
CH<cocr > — SeHi<g9-> 0, 
the reaction then proceeding according to the equations 
OH <O02>0 + 2HR = 0,8,<0%>0 + 2H01 
and 


OH OSS >O + HR = G8,<C®>0 + HCL. 


This conception of the reaction explains, not only the formation 
of the acid, but also the fact that the lactone is obtained whether 
the reacting mixture is heated immediately the substances are 
brought together or after they have been kept in the cold for 
some time. 

The condensation of o-xylene with phthalyl chloride leads to 
the formation of o-xylylphthaloylic acid and di-o-xylylphthalide. 


VOL. CVII. 3M 
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The acid has already been described by Meyer (Ber., 1882, 15, 
637) and Limpricht (Annalen, 1900, 312, 100), and shown to 
have the constitution represented by formula I, from which the 
di-o-xylylphthalide may be considered to have the structure II, 
since phthalides may be regarded as the condensation products of 
the ketonic acids, accompanying them, with another molecule of 
the hydrocarbon (Pechmann, Ber., 1881, 14, 1865): 


a as 
~ Me . S—< 
/\/\/\\e AS No 
| 
Ve soe rl 
CO,H — 


(I.) (II.) 

In a similar way, the action of phthalyl chloride on a-ethoxy- 
naphthalene produces o-l-ethoxynaphthoylbenzoic acid, the corre- 
sponding hydroxy-acid of which has been investigated by Deichler 
and Weizmann (Ber., 1903, 36, 556), and proved to have the 
structure III; the di-l-ethoxynaphthylphthalide, which is also 
formed, has the constitution denoted by IV, on grounds similar 
to those advanced in the case of di-o-xylylphthalide. 

On treatment with aluminium chloride, the ethoxy-groups of 
the di-l-ethoxynaphthylphthalide are replaced by hydroxy-groups, 
and the a-naphthaphthalein (V) thus obtained is identical with 
that prepared by Grabowski (Ber., 1871, 4, 725). 

On heating the a-naphthaphthalein at 290°, it is changed into 
a-naphthafluoran (VI), identical with that obtained by Grabowski 
(Ber., 1871, 4, 661) and Meyer (Ber., 1893, 26, 207). 

This method of formation of a-naphthaphthalein and a-naphtha- 
fluoran from _ di-l-ethoxynaphthylphthalide establishes their 
respective structures: 


OH CO CO,H OEt CO CO,H 
LYYYYN YYYS 
Nae <_ 
a \AV/ VY 
(Y\) + ea 
ee a ae, Ws Sof 
aw H a 
OEt > 7 OH Ps Pa 
G .  ilaaii De 
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j 
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(VI.) 


The products of the reaction of phthalyl chloride with 9-ethy]l- 
carbazole are more numerous than those obtained in the previous 
cases, and lead to the formation of 9-ethylcarbazole-3-phthaloylic 
acid (VII) and 9-ethylearbazole-3: 6-diphthaloylic acid (VIII), 
which may be formulated similarly to the 9-methyl homologues 
prepared by Ehrenreich (Monatsh., 1911, 32, 1103) and the 
carbazolephthaloylic acids obtained by Stiimmer (Monatsh., 1907, 
28, 411) and Scholl and Neovius (Ber., 1911, 44, 1249): 


CO 
BP i fy yY~s— ANA 


VY, MY Nel a aa a 
CO,H NEt CO,H 
wn ) (VIII.) 


The two phthalides, di-9-ethylearbazylphthalide (IX) and tri-9- 
ethylearbazyldiphthalide (X), which were also isolated, may be 
regarded as derived from their corresponding acids, VII and 
VIII; therefore their structures will be similar to those advanced 
in the previous cases: 


P ete | Fe. 
AYA a * e > ( 
| | A fe 
\/ ta ‘ x 2 4 » 
Pe Naar 5 6 
. A Ps F “YY NNN 
NEt \A\ VY Vw, 
(LX.) (X.) 


From 9-ethylcarbazole-3 : 6-diphthaloylic acid (VIII) the corre- 
sponding quinone, 2: 3: 6: 7-diphthaloyl-9-ethylcarbazole (XI), 
has been prepared : 


3M 2 
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CO CO 
4/\/N—4 YY 


eh ae | J 
WAYZA\E4 N20 
co NEt CO 
(XI) 


The linear configuration is assigned to this quinone on grounds 
identical with those put forward by Ehrenreich (Joc. cit.) in the 
case of diphthaloyl-9-methylcarbazole, and by Scholl and Neovius 
(loc. cit.) in that of diphthaloylcarbazole. 

Substances VII and VIII have also been prepared by condensing 
9-ethylearbazole with phthalic anhydride in the presence of 
aluminium chloride. 

9-Ethylcarbazole-3: 6-diphthaloylic acid and its corresponding 
quinone (XI) are the subjects of Cassella & Co.’s patent (D.R.-P. 
261737), but no details are given in the patent specifications. 


ExPERIMENTAL. 


The phthalyl chloride used in these condensations was prepared 
by Graebe’s method (Annalen, 1887, 238, 329), special care being 
taken to remove as much as possible of the phthalic anhydride 
dissolved in the chloride. 

Di-o-zylylphthalide (II).—Thirty grams of phthalyl chloride 
and 40 grams of o-xylene were dissolved in 250 c.c. of carbon 
disulphide, and 25 grams of finely powdered aluminium chloride 
were gradually added. The reaction was allowed to proceed at 
the ordinary temperature, and was completed in five to six hours. 

The reaction mixture was decomposed with ice and hydrochloric 
acid, and a current of steam passed through to remove the excess 
of o-xylene and solvent. 

The residue was collected, dried, powdered, and extracted with 
dilute ammonia. On acidifying the alkaline solution, after filter- 
ing, a white powder was precipitated, which crystallised from hot 
water in small, white prisms, melting at 161—162°, identical with 
o-xylylphthaloylic acid prepared by Meyer (loc. cit.) and 
Limpricht (loc. cit.). 

The residue, insoluble in ammonia, was crystallised from ethyl 
alcohol, from which it separated as a gelatinous mass, which 
crystallised on rubbing with a glass rod. After two recrystallisa- 
tions, di-o-zylylphthalide was obtained as a white, crystalline 
powder, melting at 107—108°. It is soluble in alcoholic potassium 
hydroxide and all ordinary organic solvents, and gives with cold 
concentrated sulphuric acid an orange coloration, which turns 
brown on heating: 


eh 
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0°1310 gave 0°4011 CO, and 0°0756 H,O. C=83'54; H=6°40. 
C,,H.O, requires C=84'10; H=6°48 per cent. 


o-1-Ethorynaphthoylbenzoic acid, CO,H-C,H,-CO-C,,H,-OEt.— 
The condensation of a-ethoxynaphthalene (2 mols.) with phthalyl 
chloride (1 mol.) was carried out in a similar way as in the previous 
experiment, with the difference that the reaction was completed 
by heating the mixture on the water-bath for two hours. After 
the decomposition of the reaction mixture, and distillation with 
steam in the usual way, the residue was extracted several times 
f with dilute ammonia, and the solution was filtered and then 
acidified with dilute hydrochloric acid. The reddish powder which 
was precipitated was dissolved in dilute sodium hydroxide, form- 
ing a dark green solution. The sodium salt of o-l-ethoxy- 
naphthoylbenzoic acid isolated from the solution was obtained in 
white crystals after one recrystallisation from water. The pure 
sodium salt of the acid forms a colourless solution in water. 

In a similar manner the ammonium salt is obtained in large, 
white, glistening plates. 

The free acid crystallises from ethyl alcohol in large, white plates. 
From toluene the acid is obtained as small, white crystals, melting 
at 155—156°, and giving with concentrated sulphuric acid in the 
cold an orange-red coloration, which deepens on heating: 


0°1867 gave 0°5108 CO, and 0°0839 H,O. C=7461; H=4:99. 
CoH gO, requires C=74°97; H=5'03 per cent. 


On heating o-l-ethoxynaphthoylbenzoic acid with aluminium 
chloride suspended in carbon disulphide (Hartmann and Gatter- 
mann, Ber., 1892, 25, 3531), the ethoxy-group was replaced by 
a hydroxyl group, and o-1-hydroxynaphthoylbenzoic acid, yellowish 
crystals melting at 185—186°, was obtained identical with the 
acid prepared by Deichler and Weizmann (loc. cit.). 

On acidifying the dark green mother liquor, after the removal 
of the sodium salt, a brownish-red substance was precipitated, 
which, on digesting with animal charcoal in benzene and crystal- 
lising from the latter (brownish-yellow crystals melting at 
209—210°), was found to be a-naphthaphthalein. 

Di-l\-ethoxynaphthylphthalide (IV).—The residue, insoluble in 
ammonia, was recrystallised several times from glacial acetic acid, 
from which it was finally obtained as a white, coarse, crystalline 
substance, melting at 159°: 


0°1781 gave 0°5268 CO, and 0°0883 H,O. C=80°32; H=5°51. 
CypHo,0, requires C=80°97; H=5'53 per cent. 


— 


The phthalide is soluble in all ordinary organic solvents. 
Although it is insoluble in aqueous alkaline solutions, it dissolves 
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when heated with alcoholic potassium hydroxide. With concen- 
trated sulphuric acid, the phthalide gives a green coloration in 
the cold and a brownish-red on heating. 

a-Naphthaphthalein (V).—The displacement of the ethoxy- 
groups by hydroxyl groups in di-l-ethoxynaphthylphthalide was 
effected by treating it with aluminium chloride suspended in 
carbon disulphide. 

The dihydroxy-compound was obtained from benzene in small, 
brownish-yellow crystals, melting at 209—210°. It is soluble in 
alkalis with a deep green colour, and gives a brownish-red colora- 
tion, identical with that obtained on heating the ethoxyphthalide, 
with cold concentrated sulphuric acid: 

0°1215 gave 0°3542 CO, and 0°0460 H,O. C=79'5; H=421. 

C,,H,,0, requires C=80°36; H=4°32 per cent. 

This phthalein is identical with a-naphthaphthalein obtained by 
Grabowski (/oc. cit.) by fusing a-naphthol with phthalic anhydride. 
Grabowski gives C,,H,,0,,4H,O as its composition. a-Naphtha- 
phthalein is also obtained by the careful fusion of di-l-ethoxy- 
naphthylphthalide with potassium hydroxide. 

a-Naphthafluoran (VI).—On heating a-naphthaphthalein for 
half an hour at 290°, it ceases to be soluble in alkalis. On digest- 
ing the fused dark mass with animal charcoal in benzene, and 
crystallising from the latter, a substance, white crystals, melting 
at 300°, was obtained, which was identical with a-naphthafluoran, 
prepared by Grabowski (loc. cit.) and Meyer (loc. cit.) by fusing 
a-naphthol with phthalyl chloride. 

9-Ethylearbazole-3-phthaloylic acid (VII) and 9-ethylcarbazole- 
3 - 6-diphthaloylic acid (VIII).—9-Ethylcarbazole was prepared by 
Graebe and Behiigel’s method (Annalen, 1880, 202, 24), with the 
introduction of the modifications applied by Ehrenreich (Joc. cit.) 
in the case of 9-methylcarbazole. 

The acids were obtained by condensing phthalyl chloride (1 mol.) 
with 9-ethylearbazole (2 mols.) in the presence of aluminium 
chloride suspended in carbon disulphide, and in larger quantities 
by using phthalic anhydride instead of phthalyl chloride, the chief 
products in the former case being the phthalides IX and X. 

The reaction mixture from the first condensation was decom- 
posed and distilled with steam (care has to be taken to add an 
excess of acid and pass steam for about two hours, as the aluminium 
complex is very stable), and the residue was extracted with ether 
to remove unchanged ethylcearbazole, and washed several times 
with hot water to remove any phthalic acid. The residue, a 
greyish-yellow powder, was digested with warm dilute ammonia, 
and the solution filtered. On acidifying the alkaline solution, a 
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white powder was precipitated, which was found to consist of two 
acids, one soluble and the other practically insoluble in benzene. 

The latter crystallised from ethyl alcohol in rhombic crystals, 
melting at 266—268°. The acid soluble in benzene was obtained 
from this solvent in white needles, which, on being recrystallised 
from ethyl alcohol, melted at 188—189°. Both acids were obtained 
as the main product on using phthalic anhydride. The acid of 
lower melting point was found to be 9-ethylcarbazole-3-phthaloylic 
acid, whilst the other acid was 9-ethylearbazole-3: 6-diphthaloylic 
acid. 

In agreement with Ehrenreich’s experience (/oc. cit.) in the 
case of 9-methylcarbazole-3-mono- and -3: 6-diphthaloylic acids, the 
authors find that, in the condensation of ethylcarbazole with 
phthalic anhydride, the use of benzene instead of carbon disulphide 
as a solvent, and of equimolecular quantities instead of 1 mol. 
of ethylearbazole to 2 mols. of phthalic anhydride, considerably 
increases the proportion of the monophthaloylic acid. 

The acid, m. p. 266—268°: 

0°1306 gave 0°3489 CO, and 0°0501 H,O. C=72°86; H=4:27. 

05104 ,, 13°77 cc. Ng at 17° and 752 mm. N=3°07. 

CypH,,0,N requires C=73°30; H=4°29; N=2°85 per cent. 

The silver salt, which is amorphous, white, and stable to light, 
was prepared by treating a boiled ammoniacal solution of the acid 
with dilute silver nitrate: 

0°4128 gave 0°1230 Ag. Ag=29°80. 

Cy,H,gO,NAg, requires Ag=30°61 per cent. 

The acid, m. p. 188—189°: 

0°1517 gave 0°4267 CO, and 0°0668 H,O. C=76'72; H=4:89. 

0°4860 ,, 165 cc. Ny at 18° and 758 mm. N=3°91. 

C..H,,O;N requires C=76°94; H=4:98; N=4°08 per cent. 

The silver salt of the ethylearbazolephthaloylic acid resembles 
closely the silver salt of the diphthaloylic acid in appearance and 
properties : 

0°3801 gave 0°0883 Ag. Ag=23°'24. 

C.,H,,O,;NAg requires Ag= 23°97 per cent. 

2: 3:6: 7-Diphthaloyl-9-ethylearbazole (XI).—One part of 
9-ethylcarbazole-3 : 6-diphthaloylic acid and 25 parts of concen- 
trated sulphuric acid were heated at 99° for five hours. The pro- 
duct was poured on ice, filtered, and extracted with warm dilute 
sodium hydroxide. The residue, a dark powder, was found to be 
insoluble in alcohol and benzene, sparingly soluble in glacial 
acetic acid, and soluble in pyridine and nitrobenzene; from the 
latter it separated in monoclinic crystals, which, on being washed 
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with light petroleum, were found to be of a yellowish-grey colour. 
The substance did not melt at 300°, and with concentrated 
sulphuric acid it gave a bluish-violet colour, which changed to 
violet on adding concentrated hydrochloric acid : 

0°1213 gave 0°3501 CO, and 0°0373 H,O. C=7872; H=3°6l. 

C3,H,,0,N requires C=79'10; H=3°73 per cent. 

Di-9-ethylcarbazylphthalide (IX).—The main product of the 
reaction of phthalyl chloride and 9-ethylcarbazole, insoluble in 
ammonia, was extracted with ethyl alcohol, and a canary-yellow, 
crystalline compound was obtained from the alcoholic solution. 
After several recrystallisations from alcohol, the substance decom- 
posed, on heating, above 155°. With concentrated sulphuric acid 
it gave a mauve colour in the cold, and a bluish-green on heating. 

The substance is soluble in alcoholic potassium hydroxide, 
benzene, and acetic acid: 

0°1844 gave 0°5581 CO, and 0°0876 H,O. C=82°52; H=5°28. 

0°4742 ,, 21°6 cc. Ny at 17° and 755 mm. N=5°25. 

Cy,H.gO,N, requires C=83°04; H=5°42; N=5°38 per cent. 

On fusion with potassium hydroxide, benzoic acid and some 
tarry matter were formed. 

Tri-9-ethylearbazyldiphthalide (X).—In the preceding prepara- 
tion, the portion which was insoluble in alcohol was extracted with 
benzene and crystallised from benzene and light petroleum. On 
recrystallising twice from this solvent, a light yellow, crystalline 
substance was obtained, which decomposed at above 235°. It is 
sparingly soluble in alcohol or alcoholic potassium hydroxide, and 
moderately so in acetic acid. With concentrated sulphuric acid it 
gives a dark violet colour in the cold and a green on heating. 
After fusing with potassium hydroxide, benzoic acid and tarry 
matter are obtained : 

0°1711 gave 0°5088 CO, and 0°0765 H,O. C=81:10; H=4°98. 

03612 ,, 148cc. N, at 17° and 756mm. N=4'72. 

C;3H,,0,N; requires C=82°33; H=5'12; N=4:'96 per cent. 

The residue, which was insoluble in benzene, was found to be 
soluble in chloroform, pyridine, and nitrobenzene. On digesting 
with alcohol, a brownish powder was obtained. It does not melt 
at 300°, and gives a dark green coloration with concentrated 
sulphuric acid, the solution becoming yellow when diluted with 
water. The substance has not yet been identified. 
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XCVIII.—The Disposition of the Bonds of the Quin- 
quevalent Nitrogen Atom. Part I. 


By Jutius Berenp Conen, Jos—EpH MarsHALi and 
HERBERT ERNEST WOODMAN. 


In an earlier paper (Cohen and Marshall, T., 1910, 97, 328), ex- 
periments were made with the object of ascertaining whether the 
amidines were symmetrically constituted by introducing into the 
molecule two enantiomorphously related active radicles, and 
observing whether or not they produced internal compensation. 
This method, it was thought, might afford a more delicate means 
of differentiating substances which cannot be distinguished by 
ordinary physical and chemical methods. 

An attempt has now been made to apply the same principle 
to elucidating the structure of quinquevalent nitrogen compounds. 

The choice of space formule for nitrogen at present lies between 
the double tetrahedron arrangement of Willgerodt (I) and the 
pyramid formula of Bischoff (IT): 


= acid ion. 


(I.) 
The simplest way of applying the above principle would consist 
in the preparation of a quaternary ammonium salt of the type 
NR,R+X (R+ =active radicle) by two methods, first, by combining 
the base NR, with the alkyl haloid R+X, and, secondly, by uniting 
the base NR,R+ with the alkyl haloid RX. Any difference pro- 
duced in the rotation of the two products would afford evidence 
in favour of Willgerodt’s formula (III and IV), seeing that the 
fourth radicle in Willgerodt’s formula is differently situated from 
the other three, whereas identity in rotatory power would furnish 
a proof of the correctness of Bischoff’s formula (V): 


Hal 
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This has been effected in the case of /-y-phenylbutyltriethy]l 
ammonium bromide by combining triethylamine with /-y-pheny]l- 
butyl bromide in one case, and in the other by combining 
l-y-phenylbutyldiethylamine with ethyl bromide. The products 
were apparently identical, and the specific rotations [a] —7-0° 
and —7°5° respectively. 

It may be objected, however, that one of the substances repre- 
sented by Willgerodt’s formule might be so much more stable than 
the other that only one of the possible forms would be produced. 
We therefore decided to carry out another series of experiments 
which would render intramolecular rearrangement less probable. 

If we consider a compound of the general formula NR,R+R~-X, 
prepared by the addition of the alkyl haloid containing one 
enantiomorphous radicle to the tertiary base containing the other 
(where R+ and R-_ represent enantiomorphous radicles), 
Willgerodt’s formula would yield a quaternary compound still 
possessing optical activity, whereas Bischoff’s formula would give a 
product which would be inactive by internal compensation, which- 
ever position the radicles might assume at the base of the pyramid : 


x 
x 
R R* | 


R 
ae 
R- R R 


For these experiments it was necessary, in the first place, to 
obtain a quantity of two enantiomorphous alcohols in the pure 
state. Fortunately, a simple method has recently been devised for 
the resolution of alcohols by forming the acid ester of the alcohol 
with phthalic acid, and fractionally crystallising the salts with 
active alkaloids (Pickard and Kenyon, T., 1911, 99, 45; 1912, 
101, 620). It was also necessary that the alcohols should have a 
reasonably high rotatory power, and that no racemisation should 
occur when the alcohol was converted into the alkyl] haloid or when 
the alkyl haloid was introduced into or added to a tertiary base. 

sec.-Butylearbinol was selected in the first experiments, seeing 
that Marckwald and McKenzie (Ber., 1901, 34, 485) converted 
the J-amyl alcohol obtained in a pure state from fusel oil into the 
iodide without racemisation. As the dl-alcohol is readily prepared, 
it seemed a very suitable material for the object in view, and 
afforded an additional interest, since d-amyl alcohol had not 
hitherto been obtained. We found that the dl-amyl esters of 
3-nitrophthalic acid could be easily resolved, but hydrolysis always 
resulted in partial racemisation of the alcohols, whatever precau- 
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tions were taken. These experiments, after much expenditure of 
time, were ultimately abandoned. 

As it seemed probable that an aromatic alcohol would possess 
a larger rotation than one of the aliphatic series, attention was 
directed to this class of substances. Phenyl-p-tolylmethylcarbinol 
was therefore prepared, but, owing to the unstable nature of the 
haloid derivatives, it was found unsuitable. /-Phenyl-p-tolyl- 
carbinol was also examined, but was found to be completely race- 
mised on conversion into the corresponding iodide. 

In the last two examples, the hydroxyl is attached directly to 
the asymmetric carbon, and we therefore thought that if the 
hydroxyl were not so attached, but formed part of a primary 
carbinol group, as in active amyl alcohol, racemisation would be 
less likely to occur. 

B-Phenylpropy] alcohol was then prepared, and resolved into its 
enantiomorphs having identical rotations in opposite directions, 
and the corresponding bromides derived from them showed a 
similar result, which may be taken as a proof that no racemisation 
of the alcohols occurred during the reaction. The d-bromide was 
combined with diethylamine, but on mixing the resulting tertiary 
base with the 7-bromide to form the quaternary compound, no 
reaction took place in the cold, and, on warming, hydrogen bromide 
was removed from the alkyl bromide, yielding aa-phenylmethyl- 
ethylene. The failure of the tertiary base to combine with the 
alkyl bromide might be due to steric hindrance, the presence of the 
B-phenylpropyl group attached to the nitrogen atom not allowing 
space for the second f-phenylpropyl group to enter the molecule. 
On this assumption, it was thought possible to overcome this diffi- 
culty by constructing a longer chain between the carbinol group 
and the asymmetric carbon. 

Accordingly, y-phenylbutyl alcohol was prepared, from which 
the levo-enantiomorph was separated in a pure condition. Up to 
the present it has been found impossible to obtain the pure dextro- 
enantiomorph, so that the complete proof of the correctness of the 
Bischoff formula is still lacking. We are, however, continuing the 
investigation. 

It is assumed in all these cases that the introduction of two 
enantiomorphous radicles into positions which are known to be 
symmetrical would lead to the formation of an optically inactive 
substance. That this is actually the case has been shown by the 
following experiment. Succinylbornylamide containing the dextro- 
and levo-bornyl! radicles of the formula 


H,-CO-NH-C,,H,, (¢) 
H,-CO-NH‘C,,H,, (2) 
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was prepared, and was found to be inactive. This substance, 
which may be termed the meso-form, differs considerably in proper- 
ties from both the inactive di and racemic bornylamide obtained 
by mixing equal quantities of dd-bornylamide and /l-bornylamide 
of succinic acid, whilst the bornylamide obtained by heating 
succinic anhydride with inactive bornylamine appears to be a 
mixture of both of the above inactive substances. 

Finally, in order to determine the effect of a slight disturbance 
of the symmetry of the molecule, the meso-form of the bornylamide 
of methylsuccinic acid was prepared, and was found to have a 
specific rotation of [a], +3°4°, according to the position of the 
methyl group in relation to the two active radicles. 


ExPERIMENTAL. 
Preparation of i-Succinylbornylamide. 


Methyl hydrogen succinate (1 mol.) was warmed with phos- 
phorus pentachloride (1 mol.) for a short time, the phosphoryl 
chloride was evaporated in a vacuum on the water-bath, and the 
residue, after solution in anhydrous ether, was added to an ethereal 
solution of d-bornylamine (2 mols.). Bornylamine hydrochloride 
was immediately precipitated, and the reaction was completed by 
warming on the water-bath for three hours. The filtered ethereal 
solution was washed with dilute hydrochloric acid, and, after 
dehydration, the ether was evaporated. The residue solidified, and 
was recrystallised from light petroleum. 

Methyl a-bornyl succinamate, CO,Me:CH,*CH,*CO-NH-C,.H,,, 
crystallises in small, rectangular plates, which melt at 80—81°: 

0°7304 in 25 c.c. of alcohol gave, in a 2-dem. tube, a, —1°905°, 

whence [a]? — 32°49. 

0°2516 gave 11°8 c.c. N, at 21° and 756 mm. N=5-46. 

C,,;H,,O,;N requires N=5°24 per cent. 

Four and a-half grams of this ester were heated in a sealed tube 
with /-bornylamine during four hours at 170°, light petroleum 
being used as a solvent. After cooling, the solid which separated 
was extracted twice with boiling light petroleum to remove any 
unchanged ester, and the amide remaining was recrystallised from 
alcohol. 

iSuccinylbornylamide was obtained in fine needles, melting at 
242—-243°, which were optically inactive: 


0°1756 gave 11 c.c. N, at 18° and 750 mm. N=7°31. 
CH O.N, requires N=7°22 per cent. 


~w 
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Preparation of r-Succinylbornylamide. 


Di-d-succinylbornylamide was obtained by heating methyl 
d-bornylsuccinamate with d-bornylamine. It separated from 
alcohol in very fine needles, which melted at 231—232°: 

0°7102 in 25 c.c. of alcohol gave, in a 2-dem. tube, a, —2°11°, 

whence [a]>’ — 37°29. 

This substance agreed in its chemical properties with di-l-succinyl- 
bornylamide, prepared by heating methyl /-bornylsuccinamate with 
l-bornylamine. Equal quantities of the two active bornylamides 
were separately dissolved in small quantities of boiling alcohol, 
and the two solutions were mixed. On cooling the solution, a 
substance separated in much stouter needles than the original 
bornylamide. This was found to have a melting point of 
245—246°, and it was much less readily soluble than the bornyl- 
amides previously obtained. 


Action of r-Bornylamine on Succinic Anhydride. 


Succinic anhydride was mixed with a light petroleum solution 
of r-bornylamine, heat being evolved during the process. The 
petroleum was evaporated, and the residue was warmed on the 
water-bath until it was completely crystalline. The temperature 
was now raised gradually to 180°, during which process the mass 
liquefied, and then slowly crystallised again. The cooled substance 
was washed with dilute hydrochloric acid, and recrystallised from 
alcohol. The needles obtained in this manner melted at 242—245°, 
and it was not found possible to obtain from the product of this 
reaction a specimen which agreed in its melting point either with 
meso or racemic succinylbornylamide. 


Preparation of Methyl Succinyl dl-Bornylamide. 


This substance was prepared in exactly the same manner as the 
corresponding succinic acid derivative. By heating methylsuccinic 
anhydride with methyl alcohol, the ortho-methyl ester is obtained 
(Briihl, Ber., 1893, 26, 338). The constitution of the product 
obtained by allowing /-bornylamine to react with the chloride of 
this ester will therefore be CO,Me-CH,-CHMe-CO-NH-C,,Hj;. 
This substance did not crystallise readily, but, after being kept for 
some weeks, it solidified. The specific rotation was determined in 
the fused condition. 

In a 0°302<dem. tube a, +5°77°, dy =1°0686, whence 

[jp +1799. 
This compound was heated with d-bornylamine, and the pro- 
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The 


duct of the reaction was crystallised from ethyl acetate. 
bornylamide separated in fine needles, melting at 229—230°: 


0°4012 in 25 c.c. of alcohol gave, in a 2-dem. tube, a, —0°11°, 
whence [a]i? —3°4°. 
0°202 gave 11°8 c.c. N, at 22° and 758 mm. N=6°79. 
C.;H.O,N, requires N= 6°96 per cent. 


Preparation and Resolution of dl-sec.-Butylcarbinol. 


The method of Freundler and Damond (Compt. rend., 1905, 
141, 830) was used in the production of this alcohol. Methyl ethyl 
ketone was reduced to sec.-butyl alcohol by passing the vapour 
of the ketone, mixed with pure hydrogen, over heated nickel. The 
best results were obtained when the nickel oxide was reduced at 
300°, and afterwards kept at 140° during the reduction of the 
ketone, and in this case about 45 per cent. of the ketone was con- 
verted into the alcohol, from which it was separated by fractional 
distillation. By the action of phosphorus tribromide on the 
alcohol, sec.-butyl bromide was obtained. This was dissolved in 
anhydrous ether, and, after solution of the required quantity of 
magnesium, it was heated with trioxymethylene during twenty-four 
hours on the water-bath. The product of this reaction was a mix- 
ture of sec.-butylearbinol (b. p. 128—130°) and amylal (b. p. 205°), 
and these were separated by fractional distillation. 

The alcohol was combined with phthalic anhydride, according to 
Pickard’s method (loc. cit.), when the acid ester was obtained as a 
viscous mass, of which 0°4070 gram required 17°17 c.c. of V/10- 
potassium hydroxide for complete neutralisation. The theoretical 
amount required was 17°23 c.c. 

The brucine salt was obtained when equimolecular quantities of 
brucine and the acid were boiled in acetone until complete solu- 
tion was effected. After removal of the solvent, a yellow, viscous 
mass remained, which solidified after some time. It was recrystal- 
lised with great difficulty, owing to its extreme solubility in all 
ordinary solvents. 

The l-menthylamine salt was obtained only as a viscous mass, 
which could not be crystallised. 

The cinchonidine salt was obtained in needle-shaped crystals 
when an acetone solution of the two constituents was allowed to 
remain in the cold for some days. This salt was several times 
recrystallised, but, after separation of the cinchonidine, the acid 
was found to be inactive. 

The strychnine salt was obtained in the crystalline form, but 
recrystallisation of this salt was attended with difficulty and loss, 
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since a separation of strychnine always occurred when the salt 
was warmed to bring it into solution. 

In order to overcome this difficulty caused by the dissociation of 
the salt, owing probably to the very weak acidic nature of the 
acid ester, it was decided to prepare the corresponding ester of 
3-nitrophthalic acid. This was obtained by Miller’s method, with 
the modification that the anhydride was used instead of phthalic 
acid as the starting point. In this case, no preliminary warming 
of the nitration mixture is necessary. 

The f-acid ester was obtained by Fischer’s esterification method 
as a colourless, crystalline compound, melting at 113—114°, but 
the yield was small, owing to decomposition brought about by the 
sulphuric acid necessary for the process. The brucine salt, how- 
ever, was obtained, and it was recrystallised without difficulty 
several times, after which the acid ester recovered from it was 
found to be slightly dextrorotatory ([a], 114°). It was found 
that a good yield of the a-acid ester was obtained by heating nitro- 
phthalic anhydride with amyl alcohol. After three recrystallisa- 
tions from benzene, this ester was obtained in a pure condition, and 
it melted at 156—158°. 

The strychnine salt was deposited as a white, crystalline com- 
pound from a solution in ethyl acetate or dilute alcohol, and its 
solution could be boiled without any trace of dissociation being 
observed. Its solubility, however, was found to be so small that 
the use of inconveniently large quantities of solvent was necessi- 
tated, and nothing further was done with this salt. 

The brucine salt separated from a dilute alcoholic solution after 
being kept some time at 0°. This salt was recrystallised some 
twenty times from dilute alcohol, after which no change in the 
melting point could be detected (105°), and, further, there was no 
alteration in the rotation of the acid ester recovered from it: 

10274 gram in 25 ec.c. of alcohol gave, in a 2-dem. tube, 

a, —0°22°, whence [a]j? — 2°67°. 

The cinchonidine salt was obtained in colourless needles from 
dilute alcoholic solution, and, after about twenty recrystallisations 
of the salt, the acid ester recovered from it suffered no alteration 
of the rotation by further recrystallisation : 

14150 gram in 25 c.c. of alcohol gave, in a 2<dcm. tube, 

a, +0°30°, whence [a]; + 2°65°. 

Precautions were taken to show that no alteration of the rotatory 
powers of these two acid esters could be effected either by further 
crystallisations of the alkaloid salts or of the esters themselves. 
They are, therefore, the enantiomorphous forms of the ester, and 
it was thought that the d- and /-forms of the alcohol would easily 
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be obtained from them by hydrolysis. It was found necessary, in 
order to effect hydrolysis, to use a hot 10 per cent. solution of 
potassium hydroxide. The alcohols were obtained by steam dis- 
tillation and extraction with ether. In both case, partial racemisa- 
tion occurred, the alcohol obtained from the Jester having 
[a]? + 3°28°, while the alcohol from the d-ester possessed a specific 
rotation of —4°1°. The highest rotation observed by Marckwald 
in the case of /-amyl alcohol from fusel oil was —5°9° (Ber., 1901, 
34, 485). Owing to the difficulty of obtaining the two active 
alcohols pure by this process, which necessitated hydrolysis with 
hot alkali, the method was relinquished. 


Preparation of Phenyl-p-tolylmethylcarbinol. 


2°15 Grams of magnesium were mixed with a solution of 19°5 
grams of p-iodotoluene in 50 c.c. of anhydrous ether. On warming 
gently, the metal dissolved almost completely, and to the solution 
was added slowly a mixture of 11 grams of acetophenone and 
11 c.c. of anhydrous ether. After twelve hours, the product was 
isolated in the usual manner. The carbinol distilled at 175°/ 
28 mm. This was cooled in ice and saturated with dry hydrogen 
chloride. After some time, the product was washed with dilute 
sodium carbonate solution and dried. The ethereal solution, after 
only a few minutes, showed an acid reaction, and hydrogen chloride 
was evolved. The substance was not further examined. 


Preparation of |-Phenyl-p-tolylcarbinol. 


Phenyl-p-tolylearbinol was prepared by the Grignard reaction 
from p-iodotoluene and benzaldehyde. The yield was not very 
good, and it was found very difficult to separate the carbinol from 
di-tolyl, which is also produced in the reaction. The carbinol 
crystallised on keeping, and was recrystallised from light petroleum, 
from which solvent it separated in prisms, melting at 57°. 
Attempts were made to resolve this carbinol by means of Pickard’s 
method (loc. cit.), but these attempts were unsuccessful. 

It was hoped that phenyl-ytolylmethylamine could be resolved 
and converted into the active alcohols, and this base was prepared 
by the reduction of phenyl-ptolylketoxime by means of sodium and 
boiling alcohol. The yield of the base was very good. 

The hydrochloride, which crystallises from dilute hydrochloric 
acid in fine needles (m. p. 260°), was dissolved in water, and a 
solution of an equivalent amount of ammonium bromocamphor- 
sulphonate was added. An immediate precipitate of an oily mass 
was produced, and this solidified on cooling. After one crystallisa- 
tion from 50 per cent. alcohol, this substance melted at 168°. It 
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was recrystallised about ten times from dilute alcohol, when the 
melting point was found to be 208°, and a determination of the 
specific rotation of the hydrochloride obtained from it was made. 

Further recrystallisation of the bromocamphorsulphonate did 
not increase the rotation of the hydrochloride, which was more 
readily soluble in water than the inactive compound, and melted 
at 252—254°. 

The active hydrochloride was dissolved in water and mixed with 
a solution of sodium nitrite. On warming, a turbidity was pro- 
duced, and, after heating for about an hour, the alcohol was 
extracted with ether and distilled in a vacuum. It solidified on 
cooling : 

2°226 in 25 e.c. of alcohol gave, in a 2-dem. tube, a, —0°24°, 

whence [a]>’ —1°4°. 

The carbinol, cooled in ice, was saturated with dry hydrogen 
iodide, and, after some time, was warmed on the water-bath for 
ten minutes. The iodide was purified in the usual manner. It 
rapidly became discoloured, owing to separation of iodine, and it 
was found to be inactive. 


Preparation and Resolution of B-Phenylpropylalcohol. 


The first method adopted for the preparation of this alcohol 
necessitated the production of 8-phenylbutyric acid, which was 
converted into the amide, thence into B-phenylpropylamine by 
means of bromine and potassium hydroxide solution, and, lastly, 
the amine was converted into the alcohol by means of nitrous acid. 

Schroeter (Ber., 1907, 40, 1595) has obtained B-phenylbutyric 
acid by the reduction of B-methyleinnamic acid, whilst Kohler 
(Amer. Chem. J., 1905, 34, 146) obtained the same acid by con- 
densing magnesium methyl iodide into ethyl benzylidenemalonate, 
after hydrolysis of the resulting 8-phenylethylmalonic ester. It 
seemed probable that a simpler method of preparing this ester 
would be to combine sodiomalonic ester with §-phenylethyl 
bromide, and it was found that, by taking certain precautions, 
an almost theoretical yield of B-phenylethylmalonic ester could be 
obtained. . 

If sodium (1 atom) dissolved in alcohol is mixed with malonic 
ester (1 mol.), and then boiled with 8-phenylethyl bromide (1 mol.), 
after extraction in the usual manner, there is obtained only about 
40—50 per cent. of the theoretical amount of B-phenylethylmalonic 
ester (b. p. 163—167°/12 mm.), whilst a considerable quantity of 
a liquid of higher boiling point is also obtained. If the quantity 
of malonic ester is increased to double the amount, the yield of 
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B-phenylethylmalonic ester is increased to about 95 per cent. of 
that theoretically possible. 

The substance of higher boiling point was found to be an ester, 
which, after hydrolysis with alcoholic potassium hydroxide, gave 
an acid crystallising from benzene in small prisms, melting at 
194—195°. The acid evolved carbon dioxide on heating above its 
melting point, and, after purification, the residual acid melted at 
85—86° 

The constitution of this acid was shown by the fact that it was 
easily obtained by allowing f-phenylethylmalonic ester to react 
with B-phenylethyl bromide in the presence of an alcoholic solu- 
tion of sodium ethoxide. The same liquid of high boiling point 
was produced as before; this was hydrolysed to the acid (m. p. 
194°), which then lost carbon dioxide, leaving the acid required. 
It is hence shown to be di-8-phenylethylacetic acid. 

The formation of the ester of high boiling point in the above 
reaction may be explained by assuming the presence of a quantity 
of disodiomalonic ester in a mixture of equivalent amounts of 
sodium ethoxide and malonic ester, and this reacts with the 
bromide, forming di-8-phenylethylmalonic ester. The addition of 
a second molecule of malonic ester to the sodium methoxide solu- 
tion reduces the amount of the disodium compound, and hence a 
more satisfactory yield of 8-phenylethylmalonic ester is obtained. 

Similar results were obtained when cyanoacetic ester was used 
instead of malonic ester, but the products were very much more 
difficult to hydrolyse than the corresponding maionic acid deriv- 
atives. 

Di-B-phenylethyleyanoacetic ester distils at 220°/20 mm., and 
may be hydrolysed to the cyanoacetic acid, which melts at 191°. 
This loses carbon dioxide on heating, giving di-B-phenylethylaceto- 
nitrile, which crystallises from dilute alcohol in needles, melting 
at 89—90°: 


0°1951 gave 10°8 c.c. N, at 16°5° and 772°5 mm. N=5°31. 
C,,H,gN requires N=5°62 per cent. 


B-Phenylethylmalonic acid crystallises well from hot water, and 
forms fine leaflets, which melt at 144°. On heating to 180°, carbon 
dioxide is rapidly evolved, and B-phenylbutyric acid remains. This 
distils at 162°/18 mm., and solidifies on cooling. 

The methyl ester is a fragrant-smelling liquid, boiling at 
115—118°/18 mm. 

B-Phenylbutyryl chloride was prepared by mixing equivalent 
quantities of the acid and phosphorus pentachloride. It distils 
and decomposes slightly at 113—115°/17 mm., but for conversion 


. is 


. J 
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into the amide, distillation is not necessary. After removal of 
phosphoryl chloride in a vacuum on the water-bath, the residue is 
dissolved in dry ether, the solution filtered, and treated with dry 
ammonia. The precipitate is repeatedly extracted with boiling 
ether to separate the amide from the ammonium chloride. The 
amide can also be obtained by heating ammonium f-phenylbutyrate 
in a sealed tube at 180°. 

B-Phenylbutyramide crystallises from light petroleum in fine 
plates, which melt at 105°. It is readily soluble in hot water (com- 
pare Kohler, Amer. Chem. J., 1905, 33, 353). 

In order to convert the amide into 8-phenylpropylamine, 30 
grams of bromine were dissolved in a solution of 60 grams of 
potassium hydroxide in a litre of water, and the whole was poured 
on 20 grams of the amide. A clear solution was obtained, which 
became turbid on warming, and, after heating for one hour, it 
was distilled in a current of steam. 

B-Phenylpropylamine is a liquid with a strongly ammoniacal 
odour, which distils at 100°/26 mm. The base reacts with phenyl- 
carbimide, and the product crystallises from boiling alcohol in fine 
leaflets, which melt at 153°. When a solution of 8-phenylpropyl- 
amine hydrochloride is mixed with sodium nitrite, nityogen is 
evolved on warming, and f-phenylpropyl alcohol may be isolated 
from the reaction mixture. 

The two latter reactions do not give good results, so that some 
other method for the preparation of the alcohol was desirable. 

Phenylpropaldehyde has been prepared by a variety of methods, 
and it was decided to investigate these. 

Tiffeneau (Ann. Chim. Phys., 1907, [viii], 10, 351) describes a 
method consisting in the preparation of phenylpropylene, and the 
conversion of this into the iodohydrin, and thence into pheny]l- 
propaldehyde by means of yellow oxide of mercury and iodine in 
moist ethereal solution. Phenylethylcarbinol was prepared by the 
Grignard reaction from ethyl iodide and benzaldehyde. It was 
converted into the chloride by the action of phosphorus chloride, 
and this was boiled with excess of anhydrous pyridine in order to 
remove a molecular proportion of hydrogen chloride (Hell and 
Bauer, Ber., 1903, 36, 256). Tiffeneau states that phenylethyl- 
carbinol parts with a molecule of water on being distilled under 
the ordinary pressure, but this does not agree with our experience, 
which is confirmed by that of Davies and Kipping (T., 1911, 99, 
298). The yield of 8-phenylpropaldehyde obtained by the action 
of mercuric oxide and iodine on phenylpropylene was very un- 
satisfactory. 
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A second method for the preparation of this aldehyde, also 
described by Tiffeneau (Ann. Chim. Phys., 1907, [viii], 10, 176), 
was found to give very good results. 

Magnesium phenyl bromide was combined with monochloro- 
acetone to give phenylmethylglycol chlorohydrin, 

OH-CMePh-CH,Cl, 
which was boiled with an alcoholic solution of sodium ethoxide in 
order to remove a molecular proportion of hydrogen chloride, the 
product of this reaction being aa-phenylmethylethylene oxide 
(Klages, Ber., 1905, 38, 1969). 

The conversion of this oxide into the isomeric aldehyde is a 
much more complicated reaction than is indicated by Tiffeneau 
and Klages. 

When phenylmethylethylene oxide is brought into contact with 
a solution of sodium hydrogen sulphite, a violent reaction occurs, 
and the hydrogen sulphite compound of f-phenylpropaldehyde 
separates. There is, however, only about one-third of the amount 
which should be formed if the change were complete. If the 
hydrogen sulphite compound is washed with ether, and the ethereal 
layer separated, after removal of the ether there remains a liquid 
possessing a faint yellow colour, and boiling at 220°/25 mm. It 
appears to be identical with a bimolecular phenylmethylethylene 
oxide obtained by Stoermer (Ber., 1906, 39,.2299) in the prepara- 
tion of as.-phenylmethylethylene glycol from magnesium methy]! 
iodide and benzoylearbinol. Stoermer assigns to this substance 
the formula 


OMePh<OCHs>CMePh. 
2 


When heated in a tube at 180°, during six hours, with very 
dilute hydrochloric acid, it is converted into phenylpropaldehyde. 

The most convenient method for the conversion of large quanti- 
ties of the unimolecular oxide into the aldehyde consists in mixing 
it with dilute hydrochloric acid, when about one-third is converted 
into aldehyde and the remainder into the bimolecular oxide. The 
aldehyde is distilled in a current of steam, and the residue, with 
the addition of a little concentrated acid, is boiled under a reflux 
condenser during several hours. The aldehyde is again distilled 
in a current of steam, and, if necessary, any residual oxide once 
more boiled with acid. In this way, 90 per cent. of the oxide 
may be converted into aldehyde. 

The alcohol is easily obtained from the aldehyde by reduction 
with zinc and acetic acid. The mixture is boiled for some hours, 
and the phenylpropyl acetate separated. This is a fragrant-smell- 
ing liquid, boiling at 125°/14 mm., and it is readily hydrolysed by 
boiling with an aqueous solution of potassium hydroxide. 
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B-Phenylpropyl alcohol is a liquid distilling at 114°/14 mm. 
The benzoyl derivative is liquid (b. p. 218—220°/15 mm.), whilst 
the p-nitrobenzoate crystallises from alcohol in fine plates, melting 
at 65°: 

0°2645 gave 12°3 c.c. Ny at 19° and 747 mm. N=4°85. 

C,,H,;0,N requires N=4°91 per cent. 

The phenylthiourethane crystallises in needles, which melt at 
156°. 

B-Phenylpropyl hydrogen phthalate crystallises from carbon 
disulphide in rhombic prisms, melting at 79°. The brucine salt 
was prepared and fractionally crystallised several times, but no 
resolution could be observed. 

B-Phenylpropyl hydrogen 3-nitrophthalate was obtained by heat- 
ing the alcohol during five hours at 130° with the equivalent 
amount of nitrophthalic anhydride. It was crystallised from 
benzene, and then from dilute alcohol, from which solvent it 
separated in small plates, melting at 147°. The acid was dis 
solved in ethyl acetate, and boiled with the calculated quantity of 
brucine until a clear solution was obtained. On cooling, crystals 
of the brucine salt separated, which melted at 120°. The salt was 
recrystallised from alcohol until no alteration of the rotation of the 
ester recovered from it could be detected. This ester was then 
recrystallised from alcohol three times, with no alteration of its 
rotation; it melted at 142—143°, and was much more readily 
soluble in alcohol than the racemic compound : 

1°2058 in 25 c.c. alcohol gave, in a 2-dem. tube, a, 1°58°, whence 

[a]p 16°25°. 

The brucine salt obtained from this ester crystallises from alcohol 
in small needles, melting at 127—129°. 

The mother liquors obtained in the crystallisation of the brucine 
salt were decomposed by pouring into dilute acid, and the acid 
ester recovered in this manner was neutralised with the calculated 
quantity of cinchonine, as this alkaloid gave a salt which could 
be recrystallised very easily. (Cinchonidine gave a crystalline salt 
only when the solution bad been kept for some weeks, whilst the 
strychnine salt was almost insoluble in the ordinary solvents.) 
After some ten recrystallisations from alcohol, the rotation of the 
ester had increased to — 8°, at which point it remained stationary, 
although the salt was recrystallised many times. This ester was 
now combined with cinchonidine, and, by inoculation with a 
crystal which had now been isolated, a good crop of crystals was 
obtained. This salt was recrystallised, and at length a specimen 
of the ester recovered from it possessed a rotation of the same 
value as the enantiomorph already obtained : 
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1:0052 in 25 c.c. of alcohol gave, in a 2-dem. tube, ap —1°31°, 

whence [a] —16°3°. 

The active esters were decomposed by warming with a 10 per 
cent. aqueous solution of potassium hydroxide, and the alcohols 
separated by distilling in a current of steam, and subsequently in 
a vacuum. 

(1) Alcohol from d-ester. 

In a 0°302-dem. tube, a, 4°63°, d=1:0049, whence [a]? 15°25°. 

(2) Alcohol from Lester. 

In a 0°302-dem. tube, a, —4°61°, d=1°0048, whence [a]p — 15169. 

In order to convert the alcohol into the bromide, it was cooled 
in ice, and the calculated quantity of phosphorus tribromide was 
dropped slowly in, after which the mixture was allowed to remain 
overnight. The flask was then heated for an hour on the water- 
bath, cooled, and its contents poured into ice water. 

B-Phenylpropyl bromide is a highly refractive liquid which boils 
at 106—108°/18 mm. The rotation was of the same nature as the 
alcohol from which it was prepared. 

In a 0°302-dem. tube, a, +6°20°, d2=1°3155, whence [a]? +15°6°. 

The d-bromide was heated with a small excess of diethylamine 
during eight hours at 150°. The product was treated with dilute 
hydrochloric acid, and extracted with ether to remove unchanged 
bromide, which was found to have the same rotation as it possessed 
before heating. The acid solution was rendered alkaline and ex- 
tracted with ether, after which the base was distilled (124—125°/ 
20 mm.). 

In a 0°302-dem. tube, a, — 9°24, d=0°8900, whence [a]? — 344°. 

1-8-Phenylpropyldiethylamine hydrochloride crystallises from a 
mixture of alcohol and ether in small prisms, and is very hygro- 
scopic. 

The hydrobromide crystallises from alcohol in needles, which 
melt at 135—136°. 

Equivalent proportions of this base and of the /-bromide were 
mixed, and allowed to remain for three days. No combination 
having then taken place, the mixture was heated at 100° for six 
hours. On adding ether to the mass, crystals separated, which 
proved to be the hydrobromide of the original base: 

0°2146 required 7°3 c.c. W/10-x 1087 AgNO,. M:W.=270°4. 

C,;H,.NBr requires M.W.=272. 
In the ether was found a liquid which boiled at 160°, and 


instantly decolorised a solution of bromine in carbon tetrachloride. 
This was phenylmethylethylene. 
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Preparation and Resolution of y-Phenylbutyl Alcohol. 


Twenty-five grams of methyl B-phenylbutyrate were mixed with 
250 c.c. of absolute alcohol, and raised to the boiling point, when 
25 grams of sodium were quickly added. After solution of the 
sodium, the mixture was distilled in a current of steam, and the 
distillate extracted with ether. The alcohol distilled at 138—140°/ 
33 mm. The yield was only 8 grams, that is, about 37 per cent. 

It was found that if amyl alcohol was substituted for ethyl 
alcohol in this experiment, the yield of +y-phenylbutylcarbinol 
could be increased to about 85 per cent. of that theoretically 
possible. é 

This alcohol was converted into the hydrogen nitrophthalate, 
which was purified by recrystallisation from carbon tetrachloride. 
The strychnine salt separated from alcoholic solution in small, 
rhombic prisms, and this was recrystallised several times. At 
length the ester recovered from this salt had a constant rotatory 
power, and melted sharply at 95—96°: 

1°0334 in 25 c.c. of alcohol gave, in a 2-dem. tube, a, —4°64°, 

whence [a]? —56°1°. 

The pure strychnine salt melted at 142°. 

The alcohol was obtained from this ester by hydrolysis with dilute 
aqueous potassium hydroxide. 

In a 0°302-dem. tube, a,—10°50°, d,,=0°9888, whence 

[a]p —35°2°. 

The /-y-phenylbutyl alcohol was converted into the bromide, 
which distilled at 120°/16°5 mm. 

In a 0°302-dem. tube, ap, —27°77°, dy=1°2626, whence 

[a]? —72°8°. 

l-y-Phenylbutyldiethylamine was prepared by heating the 
bromide with a slight excess of diethylamine during some hours 
at 40—50°. It distils at 152°/38 mm. 

In a 0°302-dem. tube, a, —7'45°, d,.=0°8896, whence 

[a]? —27°75°. 

One gram of triethylamine was warmed with the calculated 
amount of /-y-phenylbutyl bromide during several hours at 40—50°, 
when a semi-solid mass separated. The supernatant liquid was poured 
off, and the residue dissolved in absolute alcohol. On the addition 
of anhydrous ether, y-phenylbutyltriethylammonium bromide 
separated in fine needles. These were very hygroscopic, and no 
determination of the melting point could be made: 

0°09 in 25 c.c. of alcohol gave, in a 2-dem. tube, a—0°05°, whence 
[ale —7:0°. 
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0°09 required 2°9 c.c. V/10-AgNO;. M.W.=312. 
C,,H,,NBr requires M.W.=314. 

This same ammonium bromide was obtained by allowing ethyl 
bromide and /-y-phenylbutyldiethylamine to remain in contact 
for some time: 

0°1498 in 25 cc. of alcohol gave, in a 2-dem. tube, a, —0°09°, 

whence [a]? —7°5°. 

0°155 required 5 c.c. V/10-x0°995 AgNO,. M.W.=311. 

C,,H.,NBr requires M.W.=314. 
l-y-Phenylbutyltriethylammonium iodide was obtained by allow- 
ing ethyl iodide to react with the /-base. It crystallised from 
alcohol and ether in fine needles, melting at 110°: 
0°1145 required 3°2 c.c. V/10-x0°995 AgNO,. M.W.=360. 
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XCIX.—A New Method of Estimating Bromine 
and Chlorine in Organic Compounds. 


By Puitie WILFRED RoBERTSON. 


Or the methods employed for the estimation of organic halogen, 
the classical method of Carius is by general consent admitted to 
be the best. Capable of giving very accurate results, it is, never- 
theless, expensive in glass, time, and gas; owing to the fact that 
silver salts react in glass at high temperatures, it cannot be 
shortened by the application of volumetric analysis. The lime 
method of Liebig, worked out by Jannasch and Kélitz, and 
modified by Piria and by Schiff, who suggest the employment of 
a large nickel crucible in place of the original glass tube, is also 
capable of giving good, if somewhat high, results; it is, however, 
extremely tedious. Pringsheim’s sodium peroxide method is some- 
what quicker, and has been reported upon favourably. With re- 
gard to volumetric methods, that of Stephanoff, who boils the 
substance with sodium in alcoholic solution, and subsequently 
titrates with silver nitrate, has been shown to be capable of very 
limited application. The suggestion of Busch (Zeitsch. angew. 
Chem., 1914, 27, 432), to shake the substance with palladiumised 
calcium carbonate suspended in alkali solution in an atmosphere 
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of hydrogen under pressure, and then titrate, seems to present 
considerable experimental difficulties. 

An easy, quick, and trustworthy means of estimating organic 
halogen would then seem to be lacking; it is proposed in the pre- 
sent paper to describe such a method for the estimation of bromine 
and chlorine. It depends on the fact that organic substances con- 
taining these elements give them up entirely in a volatile form 
when heated with a mixture of chromic acid and sulphuric acid. 
In the case of bromine compounds, bromine itself and. a small 
quantity of hydrogen bromide are liberated, and may be absorbed 
in alkaline hydrogen peroxide, which converts the whole of the 
bromine into alkali bromide; after acidification with nitric acid, 
the solution may be titrated according to Volhard’s method. The 


time required for such an estimation does not exceed an hour. 
When chlorine compounds are treated in the same way, the vola- 
tile products contain chlorine, hydrogen chloride, and also chromy]l 
chloride. These may be similarly absorbed in alkaline hydrogen 
peroxide, and, after the reduction of the chromate, which would 
mask the end-point, the chlorine in the solution may be estimated 
in the usual manner with silver nitrate and thiocyanate. 

The Apparatus* (see diagram).—The reaction vessel, a flask of 
about 70 c.c. capacity, fitted with a ground-glass joint, to which 
are attached an inlet and an exit tube, is heated by radiation from 
an asbestos gauze placed 2°5 cm. beneath it. The absorption 
apparatus consists of a simple modification of the well-known 


* The apparatus may be obtained from Messrs. Townson and Mercer, Ltd. 
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Péligot bulb-tube, and a second smaller U-tube, which serves as a 
guard. 

The reagents required are pure, redistilled sulphuric acid, 
chromic acid, 10 per cent. sodium hydroxide solution, and hydrogen 
peroxide solution, free from chloride or perhydrol. 

To ensure that the materials are free from halogen, it is advis- 
able to carry out a blank distillation under exactly the same 
conditions as an actual estimation. 

The Method.—Enough of the substance to give halogen equiva- 
lent to about 9 c.c. of V/10-silver nitrate is weighed from a small 
tube (or, if a liquid, from a Sprengel pipette) into the reaction 
vessel. Four to six grams of chromic acid, roughly measured in 
a tube, are then introduced. The ground-glass joint, lubricated 
with syrupy phosphoric acid, is fixed into position, and the flask 
is connected with the large absorption tube. To this are added 
about 10 c.c. of the sodium hydroxide solution and the same 
volume of hydrogen peroxide solution (or water and 1—2 c.c. of 
perhydrol). The smaller U-tube, containing a little sodium 
hydroxide, is finally fitted into position. Then, by means of a 
small funnel, 25—30 c.c. of sulphuric acid are poured down the 
inlet tube into the reaction vessel, and a slow current of dry air 
is blown or aspirated through the apparatus. 

In many cases the decomposition begins at once, and should be 
checked by external cooling if it tends to become violent. In 
other cases, heating should be commenced with a small flame, but 
the source of heat should be immediately removed if the evolution 
of gas becomes too vigorous. After about ten minutes, the initial 
vigour of the reaction will have subsided, and the heating may be 
increased and the stream of air made more rapid. When once 
adjusted, the apparatus may be left without further attention, and 
in forty-five to sixty minutes the colour of the bromine or chromyl 
chloride vapour will have disappeared, and the operation will be 
complete. * 

The contents of the absorption tubes are now washed into a 
flask. In the case of a bromine estimation, the solution is acidified 
with nitric acid, and 10 c.c. of V/10-silver nitrate are added from 
a pipette; the contents of the flask, cooled, if necessary, are now 
titrated in the presence of the silver bromide with thiocyanate in 
the usual manner. If chlorine is being estimated, it is necessary 
first to destroy the highly coloured chromate, which would obscure 
the end-point. For this purpose, the liquid is heated to boiling 
and then neutralised with nitric acid. In the presence of hydrogen 

* It is advisable to shake round the contents of the flask towards the end 


of the experiment, as sometimes particles of partly decomposed substance 
are projected above the level of the sulphuric acid. 
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peroxide, the chromate at this temperature is reduced to a chromic 
salt, which at the dilution of the experiment is practically colour- 
less. Ten c.c. of standard silver nitrate are added, the solution 
is filtered from the silver chloride (which reacts with thiocyanate), 
cooled, and the excess of silver is estimated in the filtrate. 

Standardisation of Reagents—In order to obtain accurate 
results, it is necessary to standardise the silver nitrate and thio- 
cyanate solutions with pure potassium bromide under exactly the 
same conditions as those of the experiment. For this purpose, 
potassium bromide equivalent to about 9 c.c. of V/10-silver nitrate 
is dissolved in a little water, and sodium hydroxide and hydrogen 
peroxide are added to the solution; after acidification with nitric 
acid, 10 c.c. of the silver nitrate solution are added, and the 
excess of silver is titrated with equivalent thiocyanate. 

As this precaution is important, the following set of values is 
included to indicate the nature and accuracy of the experimental 
results: 

Potassium Silver nitrate | Bromine in 


bromide. solution. grams. Factor N/10- 
Gram. c.c. =1 cc. Silver nitrate. 
0-1072 8-95 0-00805 1-007 
0-1157 9-62 0-00808 1-011 
0-1113 9-25 0-00809 1-012 
0-1085 9-02 0-00809 1-012 


By this parallel method of standardisation, the error of the 
pipette, and any errors caused by the presence of traces of chloride 
in the reagents or due to the very slight, but not absolutely 
negligible, influence of the hydrogen peroxide are all eliminated. 
It should be noticed that in the presence of hydrogen peroxide 
the red colour of the ferric thiocyanate disappears in the course 
of several minutes. 

Nature of the Results.—The wide applicability of the method 
is sufficiently indicated in the following tables. The results tend 
to be slightly low, a fact which becomes more evident from a con- 
sideration of the compounds containing much halogen. Even then 
the accuracy is much greater than, for example, in the case of a 
nitrogen estimation, where the magnitude of the error is obscured 
by the smallness of the experimental number. Even for such 
volatile compounds as bromo-quinones (Nos. 27 and 28) good 
results were obtained; in the case of these substances, however, 
the operation was conducted more cautiously. 

It was found, and these were the only exceptions, that certain 
bromo-hydrocarbons gave values some 2—4 per cent. too low, owing 
to the sublimation of some of the unchanged substance from the 
sulphuric acid mixture. Good results (Nos. 29—32) were obtained, 
however, when a tube containing platinised asbestos was inserted 
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between the reaction vessel and the absorption tube and the vola- 
tile matter burnt in a stream of oxygen. It was found convenient 
to use a quartz tube, as this requires support merely at its two 
extremities. A tube of the same diameter as the exit tube was 
sufficiently wide, and a length of about an inch of platinised 
asbestos was adequate for the complete combustion of any un- 


TaBLE I.—Bromo-com pounds. 
e.c. N/10- Found Cale. 


Compound. Weight. AgNO,. per cent. per cent. 
1. Dibromosuccinic acid ... 0-1338 9-65 57-8 58-0 
2. Bromomalondiethyl- 
GEEDED sxacicsccneressrecese 0-2214 9-22 33-4 33-7 
3. Dibromomalondiphenyl- 
IIE ccscccartacezescrcess 0-1984 9-65 38-9 38-9 
4. Bromocyclohexanolone 
MBSR ccoccecsescsescvicses 0-2780 9-12 26-3 26-2 
5. p-Bromoaniline ............ 0-1554 9-02 46-4 46-5 
6. Lauro-p-bromoanilide ...  0-2944 8-20 29-3 29-6 
, . 5 
7. Tribromoaniline  ......... (os108 spas Ls a \ 27 
8. Acetobromo-p-toluidide 0-2094 9-25 35-3 35-1 
9. Acetodibromo-m-toluidide 0-1426 9-30 52-2 52-2 
10. Tetrabromodiphenyl- 
GEREED ccccccccscecccsvccers 0-1126 9-25 65-8 66-2 
11. Dibromo-o-cresol ......... 0-1188 8-95 60-3 60-3 
“()- ° 2 
12. Tribromophenol ............ { > cae =o cae } 72-5 
13. Dibromo-o-diphenol ...... 0-1538 8-90 46-3 46-5 
14. Tetrabromo-o-diphenol... 0-1144 9-05 63-4 63-8 
15. Dibromohydroxy-p-toluic 
GUIEED ccccnnscsccesiceseeseces 0-1460 9-40 51-5 51-7 
16. Bromo -p - tolueneazo - 8 - 
naphthol ............0+00 0-2358 6-93 23-5 23-5 
17. Dibromoquinol ............ 0-1270 9-48 59-7 59-8 
18. Bromoveratraldehyde ... 0-1964 8-40 35-0 34-9 
19. Bromovanillic acid ...... 0-2054 8-25 32-2 32-4 
20. Bromovanillonitrile ...... 0-2134 9-30 34-8 35-0 
21. 2: 6-Dibromo-4- nitro -m - 
GUE :cccstsecssveisscegsen 0-1480 9-48 51-3 51-5 
22. 2:4-Dibromo-6 -nitro -m- 
UTTE  cncensncscecccneeenes 0-1356 8-70 51-4 51-5 
23. Dibromodinitro-o- 
diphenol ...........0ss008. 0-1944 9-02 37-0 36-9 
24. Dibromodinitroazophenol 0-1656 7-25 35-2 35-5 
25. Bromotoluquinone......... 0-1952 9-66 39-7 39-9 
26. Tribromotoluquinone ... 0-1092 9-03 66-2 66-8 
27. Bromotrimethyleoumarin 0-2030 7-55 28-8 30-0 
28. Tribromohydroxymethyl- /0-1264 8-85 56-2 )\ 
COUMATIN ...sesecseeeess (0-1180 8-27 56-0 f 563 


Compounds Requiring Platinised Asbestos. 


29. Bromobenzene ............ { aan ae aoe } 51-0 
30. p-Dibromobenzene ...... Sse 210 40 esa | OTB 
31. a-Bromonaphthalene ... 0-2008 9-60 38-2 38-6 


32. p-Bromonitrobenzene ... 0-1822 9-00 39-6 39-7 


a 


eee 


tn Ae eer 
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TaBLeE II.—Chloro-com pounds. 
c.c. N/10- Found Cale. 


Compound, Weight. AgNoO,. per cent. per cent. 
0-0930 16-70 63-8 
Rg: MEcsanwkicundbakeecmiekaes {0.0046 17-10 64-1 \ 64-3 
2. Diphenylcarbamyl (0-2177 9-35 15-3 \ 15 
Sete eT 10-1790 7-70 15-3 f 5-3 
3. Dichloro-o-diphenol ...... 0-1231 9-50 28-4 28-8 
4. Dichlorohydroxy-p- 

INE, BIE coresieoseseces 0-0826 7-50 32-2 32-2 

5. Trichlorohydroxy- 
ass acncnccccccence 0-0862 9-17 37-8 38-1 
6. Chloroethoxyacetanilide 0-1978 9-13 16-4 16-6 

7. Chloroethoxynitro- 
INE scctveciepennsioes 0-1852 9-20 17-6 17-6 

8. Dichloroethoxyphenyl- 

GREDOMEED  occcccscsscenss 0-1300 6-95 19-0 19-2 
9. Chloronitro-m-cresol ...  0-1120 5-90 18-9 18-7 
10. Dichloronitro-m-cresol .... 0-1138 10-05 31-4 31-7 

11. Dichlorodinitro-o- 
IES in cctctnvnsunediens 0-1363 7-95 20-7 20-6 
12. Tetrachlorothiodiphenyl- { 0 0921 10-85 41-9 42.2 
NEED eaiicatnctardacwesend | 0-0832 9-90 42-2 fj si 


decomposed compound. As in these estimations the heating was 
applied more cautiously, and the current of oxygen passed more 
slowly, the time of each experiment was longer, but the apparatus 
could, as before, be left without any attention. 

Although less numerous, the chlorine estimations (Table II) are 
sufficient in number to indicate that satisfactory results may be 
obtained for chloro-compounds also. The method is not applic- 
able, however, for the estimation of iodine; by the action of 
chromic acid and sulphuric acid on iodo-compounds, a large 
quantity of the iodine is converted into iodic acid. 

In conclusion, it may be pointed out that this reaction serves 
as a convenient qualitative test for bromine and chlorine in 
organic compounds. A small portion of the substance is warmed 
in a test-tube with chromic acid and sulphuric acid, and the evolved 
gases are led into dilute alkali. A little acetanilide, or some 
organic substance not containing halogen, may be added to the 
mixture to ensure a more continuous evolution of carbon dioxide. 
Bromine may be tested for by the action of nitric acid and silver 
nitrate; in the case of chlorine compounds, the alkali becomes 
coloured yellow owing to the formation of a chromate, and this 
reaction may be used for distinguishing chlorine from bromine. 


IMPERIAL COLLEGE OF SCIENCE AND TECHNOLOGY, 
SoutH KENSINGTON. [Received, May 20th, 1915.] 
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C.-——Studies on the Walden Inversion. Part I. 
The Kinetics and Dissociation Constant of Phenyl- 
chloroacetic Acid. 


By Georce SENTER. 


In previous papers (T., 1907, 91, 460; 1909, 95, 1827; 1910, 97, 
346, etc.) the results of experiments on the mechanism of the 
hydrolysis of the chloro-substituted acids and their salts have been 
communicated. As regards the acids themselves, for instance, it 
has been shown that the relative activity of the negative ion and 
the non-ionised acid varies with the nature of the acid. Thus, in 
the case of chloroacetic acid, only the non-ionised acid undergoes 
appreciable hydrolysis, whereas in the case of a-bromopropionic 
acid, the non-ionised acid and the CH,-CHBr-CO,’ ion are hydro- 
lysed at comparable rates (T., 1911, 99, 1053). 

In the present paper, the results of a similar investigation on 
phenylchloroacetic acid and its salts are described. This acid is of 
particular interest, because it has been used so largely in investiga- 
tions on the Walden inversion. One interesting result is that, in 
striking contrast to chloroacetic acid, the rate of hydrolysis of non- 
ionised phenylchloroacetic acid is negligible compared with that of 
the C,H,;-CHCI-CO,’ ion. The methods of measurement used have 
been fully described in previous papers. In each case, 10 c.c. of 
the reaction mixture were titrated with NV /20-sulphuric acid or 
sodium hydroxide. The results were calculated by the usual 
formula for a unimolecular reaction : 

1/t. logy) a/(a— a) =0°4343k. 

For the interpretation of the results, a knowledge of the extent 
to which phenylchloroacetic acid is ionised is required. The dis- 
sociation constant of the acid has not hitherto been determined, 
probably because the conductivity slowly changes in solution, owing 
to hydrolysis. As, however, the change is very slow at 25°, no 
difficulty was experienced in obtaining satisfactory conductivity 
measurements at this temperature. 


Dissociation Constant of Phenylchloroacetic Acid. 


For the determination of the dissociation constant of the acid, 
the electrical conductivity method was used, the measurements 
being made in the ordinary way with a Wheatstone bridge and 
telephone. The water used had a conductivity of about 1:0 x 10-® 
mhos. at 25°. The accuracy of the method was tested by a series 
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of measurements with solutions of sodium acetate, in which results 
agreeing very closely with those of Kohlrausch were obtained. 

As the conductivity of the solutions slowly altered on keeping, 
measurements were made at definite intervals of time after making 
up the solutions, and the initial conductivity was obtained by extra- 
polation. The results given in the table are the mean of several 
independent series of experiments. The temperature was 
25 +0°02°. 


Taste I. 

Concentration. K. Kv. a. K (v in litres). 
N/50 0-002864 143-2 0-38 0-00466 
N/100 0-001838 183-8 0-486 0-00461 
N/200 0-001130 226-0 0-60 0-00450 
N/500 0-:000564 282-0 0-75 0-00450 
N/1000 0-000315 315-0 0-836 0-00460 
N/2000 0-000171 342-0 0-91 0-00460 


In order to calculate the dissociation constant from the con- 
ductivity of the acid, the molecular conductivity of the latter at 
infinite dilution, A,,, is required. This is obtained by adding 
together the value for H’, which may be taken as 347°0 (compare 
Kendall, T., 1912, 101, 1275), and that for C,H,-CHCI-CO,’, 
obtained from the molecular conductivity of the sodium salt. This 
was determined experimentally in the usual way at 25°, the mean 
results being as follows: 


TABLE II. 
v (in litres). 64 128 256 512 1024 
Ay 71-5 74-2 76-0 78-2 79-8 


The results are less trustworthy than those obtained with the 
free acid, as the conductivity changes much more rapidly, owing 
to hydrolysis, but they are probably very near the true values. 

If A. is taken as 81-0, and the ionic velocity of Na’ at 25° is 
51°0, the approximate value for C,H,-CHCI-CO,/ is 30-0, and there- 
fore A, for phenylchloroacetic acid is 377. With this number, 
the values for a and for X in the table are calculated. In the cir- 
cumstances, the agreement in the values of X issatisfactory, and the 
dissociation constant of the acid at 25° may be taken as 0°0046. 
This result is very much what would be expected from the effect of 
the phenyl group on the strength of other acids. 


The Hydrolysis of Phenylchloroacetic Acid. 


The hydrolysis of phenylchloroacetic acid is represented quanti- 
tatively by the equation 


C,H,-CHCI-CO,H + H,O —> C,H,-CH(OH)-CO,H + HCl. 
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As the acid is ionised to a considerable extent in aqueous solution, 
the main object of the investigation was to find whether the ion 
or the non-ionised acid is the main factor in the change. As has 
been shown in investigations on other chlorine-substituted acids 
(loc. cit.), much light is thrown on this subject by the effect of 
hydrochloric acid on the rate of hydrolysis. Several series of 
measurements were made at 25°0° and at 50°. The results of a 
few typical series of measurements are given in the accompanying 
table. 


TasLe III. 
Phenylchloroacetic acid, N /20. 
No HCl; Temp. 25°. No HCl; Temp. 50-1°. 
¢ (min.). (a-2). k. t (min.). (a—2). b. 
0 10-0 on 0 10-0 ome 
330 8-9 0-00035 30 7-5 0-0095 
1080 7-2 0-00028 60 6-0 0-0085 
2520 5-1 0-00023 120 4-2 0-0072 
3960 3-9 0-00019 180 3-0 0-0067 
N/5-HC1l; Temp. 25-0°. | 2N/5-HCl ; Temp. 25° 
t (min.). (a—2). k. t (min.). (a—2). R. 

0 10-0 oe 0 10-0 -_ 
1080 9-5 0-000048 | 2520 9-3 0-000029 
2520 8-9 0-000047 | 5400 8-6 0-000028 
5600 7-7 0-000049 | 11160 7-1 0-000030 
8120 6-7 0-000049 | 16920 6-1 0-000029 

12440 5-45 0-000049 24120 49 0-000029 


The velocity-coefficient at 50°1° in the presence of V/5-hydro- 
chloric acid is 0°0124, and with 2N/5, 0°0074. The fact that 
hydrochloric acid retards the action to such an extent, taken in 
conjunction with the fact that hydrochloric acid diminishes the 
concentration of C;,H;-CHCl1-CO,’ ions in accordance with the ionic 
equilibrium, 

C,H,;-CHCl-CO,H =— C,H,;-CHCI1-CO,’ +H’, 


is most readily accounted for on the view that the main reacting 
constituent of the solution is the C,H,;-CHCI-CO,’ ion. It may 
happen, however, as in the case of acids previously investigated 
(for example, a-bromopropionic acid, loc. cit., p. 1053), that both 
the non-ionised acid and the negative ion undergo hydrolysis at 
comparable rates. The simplest way of testing this point is to 
calculate the relative concentrations of C,;H;-CHCIl-CO,’ ions in a 
dilute solution of sodium phenylchloroacetate and in a solution of 
the free acid, and to compare them with the rates of reaction in 
the two solutions. It is shown in the next section that the initial 
velocity-coefficient for a W/20-solution of sodium phenylchloro- 
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acetate is about 0°00146, whilst the corresponding coefficient for 
N/20-acid in N/5-hydrochloric acid is 0°000048. The ratio is 
therefore about 30:1. As the sodium salt in W/20-solution is 
ionised to the extent of about 80 per cent., the CsH,;-CHCI-CO,’ 
concentration is 0°04. The concentration of the same ion in the 
solution containing NV /5-hydrochloric acid can readily be calcu- 
lated by means of the usual formula for equilibrium in a mixture 
of two electrolytes with a common ion. In W/20-solution, the 
degree of dissociation of the free acid is 0°26, and in the presence 
of N/5-hydrochloric acid 0°026; hence the concentration of the 
C,H,;*CHCI-CO,’ ion is 0°0013, and the ratio of the concentrations 
in the two solutions is 30:1. This is exactly the ratio of the 
observed velocities in the two solutions, from which it follows that 
the only component of the acid solution undergoing hydrolysis is 
the C,H;*CHCI1-CO,’ ion. 

The mechanism of the reaction may also be determined by means 
of the experiments in which no hydrochloric acid is added at the 
commencement of the reaction (compare table III). This is an 
example of negative catalysis, for which a new method of formula- 
tion was recently put forward by A. W. Porter and the author 
(T., 1911, 99, 1049). Assuming that only the anion undergoes 
appreciable hydrolysis, the course of the reaction is represented by 
the equations 


C,H;-CHCI-CO,H = C,H,;*CHCI-CO,’ +H’ (a), 
a-y n y 
C,H,*CHCI-CO,’ + H,O —> C,H,-CH(OH)-CO,’ +H’ + Cl (6), 


n cs) 


C,H,-CH(OH):CO,/ +H —> C,H,*CH(OH)-CO,H (c). 


The reactions (a) and (c), being ionic, are practically instan- 
taneous; the only time reaction is (0). 

If to a first approximation we assume that the hydrochloric acid 
is completely, the mandelic acid not at all, ionised, z is a measure 
of the rate at which the reaction products are formed, and there- 
fore a—«z represents the total concentration (molecules and ions) 
of the undecomposed acid at the time ¢. The total H° ion con- 
centration at the time ¢ is represented by y, and the 

C,H;*CHC1-CO,/ 
concentration by 7. The equations that must be satisfied if the 
above assumptions are valid are: 
ny da 


j<m ie =ky; and y=x+y. 


O12 
° 


VOL, CVII. 
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It is not easy to solve directly for z, but by a straightforward 
elimination a differential equation for y is obtained, namely, 


ac+y® dy _ - 
r —_ ke(a — y). 
which, on integration, gives 
y—clog y+(a+c) log (a—y)= —ket +C, 
the value of C being the value of the left-hand side of this equa- 
tion when t=0 and y=yp. The values of z can be calculated from 
those of y by the equation 


_ oa-y) 
¥y 

The value of ¢ in the units chosen, calculated on the assump- 
tion that the degree of dissociation in W/20-solution is 0°26, 
amounts to 0°913, and k, obtained by a graphic method, is approxi- 
mately 0°00145. With these data, the values of ¢ and z, calculated 
for the special values of y in the first column of the table, are as 
follows : 


Z= 


TaBLe IV. 

y ¢ (min.). x (calc.). x (observed). 

2-6 0 0 

5-0 1870 4-09 4-1 

6-0 3010 5-39 5-4 

7-0 4800 6-60 6-6 

8-0 7400 7-77 7-8 
10-0 - 10-0 10-0 


The excellent agreement between the calculated values for z 
and the observed values obtained by interpolation from the data 
in table III show that the assumption on which the equations are 
based, that only the C,H;-CHCI-CO,’ ion undergoes appreciable 
hydrolysis, is justified. 

The above equations are of general interest, as this type of 
negative catalysis is likely to be met with frequently in practice. 
The equations for the case where both the ion and the non-ionised 
acid undergo hydrolysis have been deduced in the earlier paper. 
Although this is the simplest way of testing the above formula, the 
direct ecuatien for z can also be obtained in terms of a, c, k, and t. 
The equation is as follows: 
c—2+ /(c—a)? + 4ue 

c+ ,/c? + 4u0c 
2a--e+a— ,/(c—2)* + duc _ pe 
2a —c— Jc? + 4uc an 


xf/2— J/(e—ax)?/4+4ac+ ,/c*/4+ ae + clog 


—(a+c) log 


The relative velocity-coefficients in W/5-hydrochloric acid at 
50°1° and 25°0° are 0°0124: 0°000048 or 26: 1, from which it follows 
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that the temperature-coefficient has the high value 3°6 within this 
range of temperature. 


Hydrolysis of Sodium Phenylchloroacetate. 


The hydrolysis of sodium phenylchloroacetate in aqueous solution 
is represented by the equation 
C,H,;*CHCI-CO,.Na+H,O —> C,H;-CH(OH)-CO,H + NaCl. 
Several series of experiments were made at 25° and 50°. The 
results of one series at each temperature are given in the accom- 
panying table. 


TaBLe IV. 
Concentration N/20; Temp. 25-0°. | Concentration N/10 ; Temp. 50°-0. 
¢ (min.). a-x. k. | #(min.). a-x. k. 
0 9-6 — | 0 18-0 — 
120 8-1 0-00141 15 10-2 0-0378 
300 6-4 0-00135 30 6-0 0-0366 
570 4-7 0-00125 60 2-7 0-0315 


These results show that, although the reaction is undoubtedly 
of the first order, as the above equation would indicate, the velocity- 
coefficients diminish somewhat as the reaction proceeds. The prob- 
able explanation is that, owing to the formation of hydrochloric 
and mandelic acids during the hydrolysis, part of the undecom- 
posed sodium salt is converted into free acid, which, as shown 
above, is hydrolysed less rapidly than the salt itself. The initial 
velocity-coefficient of the sodium salt, free from the disturbing 
effects of the products, can be determined approximately by extra- 
polation, and must be very close to 0°00146, which is the value 
used in the preceding section. 

The results given in table IV show that the ratio of the velocity- 
coefficients at 50° and 25° is about 27: 1, from which it follows 
that the temperature-coefficient for 10° is 3°6, the same, within 
the limits of experimental error, as that obtained for the hydro- 
lysis of the free acid. This result serves to confirm the above con- 
clusion, that in both cases we are dealing with the same reaction, 
namely, the hydrolysis of the C;sH;-CHC1-CO,’ ion. 

Sodium chloride has a slight accelerating influence on the hydro- 
lysis of sodium phenylchloroacetate, the velocity-coefficients for the 
salt alone and in the presence of »-sodium chloride being 0°00138 
and 0°00145 respectively in W/20-solution at 25°. As already 
pointed out in connexion with earlier experiments, results such as 
these serve to disprove the suggestion of Walden (Ber., 1899, 32, 
1848) that chlorine-substituted acids and their salts in solution are 
in equilibrium with a certain concentration of Cl’ ions. 
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Hydrolysis of Sodium Chloroacetate in the Presence of Sodium 
Hydroxide. 


The chemical change in this case is represented by the equation 

C,H,-CHCl-CO,Na+ NaOH — C,H;-CH(OH)-CO,Na + NaCl. 

Measurements were first made at 25° with the sodium salt and 
N/10- and W/5-sodium hydroxide. It was found that the velocity- 
coefficients were the same as in the absence of free alkali, the only 
difference being that they tend to increase slightly as the change 
proceeds, probably owing to the influence of the sodium chloride 
formed in the course of the reaction. In order to test still more 
accurately the effect of free alkali on the reaction, parallel experi- 
ments were carried out with V/10- and WV/2-sodium hydroxide at 
25°. This method has the advantage over comparison experiments 
with the neutral salt that the rate of reaction can be followed by 
titration with the same standard acid. As usual, a—~z represents 
the concentration of the undecomposed sodium salt, expressed in 
c.c. of the V/20-sulphuric acid used for titration. 


TaBLE V. 
Sodium phenylchloroacetate, N/10. 

Sodium hydroxide, N/10. Sodium hydroxide, N/2. 

¢ (min.). a-—x. k. | C.c. acid used. a-z. k. 

0 19-2 _ 117-4 19-2 — 
180 15-0 000138 — 113-3 15-1 0-00134 
360 11-5 0-00142 | 110-05 11-85 0-00134 
610 7-9 000145 | 106-5 8-3 0-00138 


These results show conclusively that sodium hydroxide has no 
accelerating effect on the course of the reaction—in other words, 
the action of OH’ ions on sodium phenylchloroacetate is quite 
negligible in comparison with that of water. 


Discussion of Results. Their Bearing on the Walden Inversion. 


The experiments just described lead to the remarkable conclusion 
that although the three reactions dealt with, the action of water 
on the chloro-acid and its sodium salt, and of alkali on the sodium 
salt, are in appearance quite different, in reality the displacement 
reaction is exactly the same in all three cases, namely, the action 
of water on the C;5H;-CHCI-CO,’ ion. Some years ago, McKenzie 
and Clough (T., 1908, 93, 811) investigated the action of water 
on /-phenylchloroacetic acid and of water and alkali on the sodium 
salt, and obtained in each case a product of the same sign. In 
the light of the above conclusions, their observations are readily 
understood. 
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In his masterly survey of the results obtained in the investiga- 
tion of the Walden inversion, Frankland (T., 1913, 103, 713) 
points out that in the ten instances in which the displacement of 
halogen through the agency of alkalis and of silver salts has been 
investigated, products of different sign are obtained in three cases, 
namely, with bromopropionic acid, bromosuccinic acid, and pheny]l- 
chloroacetic acid (loc. cit., p. 740). The latter exception can now 
be eliminated, as the effect in question is not due to OH’ ions, but 
to water. Moreover, it has been shown (Senter, T., 1909, 95, 
1839) that when sodium bromopropionate is hydrolysed in alkaline 
solution, both water and OH’ ions take part in the change, and 
further investigation with optically active acid is required in order 
to show the effect of these two reagents on the sign of the product. 
Finally, the hydrolysis of /-bromosuccinic acid is complicated by 
the formation of intermediate products (compare Holmberg, J. pr. 
Chem., 1913, [ii], 88, 553), and this case also requires fuller in- 
vestigation. Although the evidence in favour of the suggested 
difference in the action of OH’ ions and silver salts in the hydroxyl- 
ation of optically active halogen-substituted acids is therefore not 
conclusive, it is well established that water and silver salts in 
some cases give rise to products of opposite sign. 

The results of the present investigation would appear to go far 
to show the inadequacy of the orthodox methods of organic re- 
search, taken by themselves, to elucidate the nature of the 
problems involved in the Walden inversion and other types of 
chemical change. So long as attention is mainly directed to the 
initial and the final products, and the nature of the substances 
actually reacting has not been established, so long must reasoning 
as to the nature of the chemical change be very much in the dark. 
Kinetic measurements undoubtedly form one of the most valuable 
methods for investigating the nature of the reacting substances 
and of the intermediate products, and therefore for elucidating 
the exact nature of a chemical change. 


In conclusion, I desire to thank Dr. A. W. Porter, F.R.S., and 
Mr. F. W. Snelgrove, B.Sc., for assistance in the mathematical and 
the experimental portions of the paper respectively. I also desire 
to thank the Government Grant Committee of the Royal Society 
for a grant, part of which has been used in defraying the costs of 
this investigation. 
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Cl.—The Preparation of Anhydrous Solids. 


By Witi1am Rincrose Getston Atkins and 
Epita GERTRUDE WILSON. 


Waite engaged in the purification and quantitative examination 
of certain carbohydrates, great difficulty was found in obtaining 
them free from all traces of moisture. It is usual to expose such 
substances in a vacuum over phosphoric oxide, but unless the 
desiccator or drying flask is heated, even this is not effective. Since 
the application of these methods to large quantities of material is 
not very convenient, we were led to make use of Young’s well- 
known method for the preparation of anhydrous liquids. This we 
have already mentioned in a recent letter to Nature, as it does not 
appear to have been used for solids previously. 

For example, anhydrous levuluse was readily prepared as 
follows. The commercial product, pale yellow in colour and some- 
what moist, was spread out in a vacuum desiccator over sulphuric 
acid. This preliminary treatment does not, however, appear to be 
necessary. It was then placed in a flask, to which were added 
anhydrous benzene and absolute ethyl alcohol, both of which had 
been redistilled. The benzene need not be free from thiophen. In 
practice, it is best to add the alcohol first, and to warm. Much 
of the sugar is then dissolved, and the remainder is left in a finely 
divided state. The flask was then attached to a Young and 
Thomas stillhead of eight sections, and the liquids were distilled 
from a water-bath. 

At first, a turbid ternary mixture of constant boiling point 
passed over. This consisted of water, alcohol, and benzene. After 
some time, the temperature rose slowly from about 64° to the boil- 
ing point of the binary mixture of constant composition, namely, 
68°25°. This fraction was collected when the boiling point became 
constant. It was subsequently used in another preparation, instead 
of adding the two anhydrous constituents separately. When 
almost all the binary mixture had passed over, the temperature 
began to rise, and ultimately reached the boiling point of which- 
ever of the constituents, alcohol or benzene, was in excess. In the 
case in which alcohol was in excess, the sugar remaining in solu- 
tion caused a slight rise in the boiling point actually observed. 

At this stage, the flask was removed and attached to a Liebig 
condenser, and the residual alcohol was distilled off to effect con- 
centration. A white precipitate of levulose appears. This in- 
creases when the liquid is allowed to cool. The greater part of the 
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yellowish impurity remains in the alcohol, and can be poured off 
with it. By attaching the neck of the flask to a pump while the 
lower portion is heated on a water-bath, almost all the alcohol 
remaining can be removed. A small amount, however, is retained, 
and this is only driven off when the sugar is powdered and heated 
as before. 

On account of the retention of the alcohol in a cake of the 
sugar, it was found advisable to work with such quantities as 
would leave benzene as the residual liquid. Since the sugar is 
almost insoluble in pure benzene, it was found that the resulting 
solid was in a more finely divided state. When levulose is being 
dehydrated by this method, it should not be heated to above about 
60° when the solvent is being removed by the aid of the pump. 
A higher temperature causes the granular mass to cohere, and it 
is then impossible to remove as much of the residual liquid. Even 
with this precaution, the removal of the last traces of benzene is a 
difficulty unless the solid is finely powdered. 

Anhydrous maltose is usually prepared by heating the hydrate, 
which, as a rule, contains a slight excess of water, in a vacuum to 
110° over phosphoric oxide. A considerable quantity of it was, 
however, quickly prepared by distilling Kahlbaum’s maltose with 
alcohol and benzene, the latter being the residual liquid. The 
greater part of the anhydrous maltose was obtained in the form 
of a white, flaky powder, although there were some lumps. It is, 
of course, very hygroscopic, and is more conveniently kept for use 
as the hydrate. 

Kahlbaum’s fat-free starch was also rendered anhydrous by dis- 
tillation in a precisely similar manner. 

The test for the absence of water is in these cases just the same 
as when liquids are being dehydrated. When the distillation is 
performed slowly, water causes a turbidity in the condensed mix- 
ture of benzene and alcohol. Traces of water are, however, pre- 
sent until the boiling point of the alcohol—benzene binary mixture 
of constant boiling point is reached. The constancy of this 
temperature is a proof of the absence of water. For all details 
of manipulation, reference should be made to Young’s “ Fractional 
Distillation.” 

It appears that this method is applicable to the preparation in 
the anhydrous condition of many substances which are decomposed 
at high temperatures or which are readily oxidised. The removal 
of water by this process is effected in the absence of oxygen. Since 
treatment with absolute alcohol is one of the principal ways of 
dehydrating animal and plant tissues, it would seem as if the 
method described here should be of utility. Exposure to a 
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temperature of 80°, the boiling point of benzene, can, of course, 
be readily obviated by conducting the distillation under diminished 
pressure. In this manner, it should prove possible completely to 
dry a tissue without destroying its enzymes by heat or oxidation. 

The authors hope to conduct experiments on the preparation 
of anhydrides of metallic salts by these means, more especially of 
those which are hydrolysed when it is attempted to remove their 
water of crystallisation by heat. It may also be possible to gain 
some further knowledge of “ water of crystallisation,” as opposed 
to “water of constitution,” by subjecting the hydrates to the 
procedure here described. 


We wish to express our thanks to Prof. Sydney Young for the 
use of apparatus and material. 


UNIVERSITY CHEMICAL LABORATORY, 


Trinity COLLEGE, 
DUBLIN. [Received, June 3rd, 1915.] 


CII.—Contributions to the Study of Acenaphthylene 
and its Derivatives. 


By Bertram CAMPBELL. 


Tue yellow hydrocarbon, acenaphthylene, C,,.H,, was first obtained 
by von Behr and van Dorp (Ber., 1873, 6, 753) by passing 
acenaphthene vapour over red-hot lead monoxide, 

CypH jp — Hy= Cp Hs. 

In 1912, Dziewonski and Rapalski (Ber., 1912, 45, 2491) suc- 
ceeded in obtaining it in larger yield by passing the vapour of 
acenaphthene through a silica tube heated to redness. 

Several wet methods have been tried in the course of the pre- 
sent investigation, but none of these has given satisfactory results. 
When a current of oxygen was passed through a boiling solution 
of acenaphthene in xylene in the presence of a catalyst (cobalt 
oxide or platinum-black) for periods of from two to fourteen hours, 
some oxidation took place, but, so far as the yield of acenaphthylene 
was concerned, the method was unsatisfactory. 

The acenaphthylene used in this investigation was prepared by 
Dzieworiski and Rapalski’s method, and was freed from the 
saturated hydrocarbon by the fractional crystallisation of the 
picrates. The picrate of acenaphthylene was decomposed by 
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ammonia, and the hydrocarbon purified by crystallisation from 
alcohol. In this way, it was obtained in square yellow plates, melt- 
ing at 93°. 

In outlining the investigation of the derivatives of acenaph- 
thylene, the dihalogen additive products were considered suitable 
substances for starting materials. Of these, only the dibromide, 
C,,H,Br,, has been prepared (Blumenthal, Ber., 1874, 7, 1092), 
and it was soon found that, in attempting to obtain other di- 
derivatives from it (for example, the dicyanide), no reaction ensued 
other than the partial decomposition of the dibromide (almost 
white) into monobromide (yellow) : 

C,,H,Br, - HBr=C,,H,Br. 

Indeed, by boiling a solution of the dibromide in light petroleum 
(b. p. 65—70°) for seven hours, some decomposition resulted. 
Attention was therefore directed to other 1: 2-dihalogen compounds 
of acenaphthene. 

The 1: 2-dichloride, C,,.HgCl, (m. p. 115°), was prepared by the 
addition of chlorine to acenaphthylene. The position of the 
halogen atoms in the molecule was established by the oxidation of 
the substance to naphthalic acid: 

CHCl CO,H 
Cole bucl Cole oo, H 

By the action of alcoholic potassium hydroxide on 1: 2-dichloro- 
acenaphthene, monochloroacenaphthylene was obtained as a yellow 
oil resembling the corresponding monobromo-derivative. 

When iodine was added to acenaphthylene in ethereal solution, 
an unexpected change took place, for, instead of obtaining the 
di-iodide, a pale yellow, amorphous substance was obtained, which 
contained no iodine. Subsequent work pointed to the fact that 
polymerisation of the acenaphthylene had occurred, giving rise to 
a hydrocarbon, which agreed in general properties with the poly- 
acenaphthylene (C,.Hg).., described by Dzieworiski and Leyko (Ber., 
1914, 47, 1679). 


EXPERIMENTAL, 
1: 2-Dichloroacenaphthene, >— 


Acenaphthylene (1 mol.) was dissolved in carbon tetrachloride, 
and chlorine (1 mol.), which had been saturated with the solvent 
vapour, was added. The solvent was allowed to evaporate, and the 
product, after refining with animal charcoal, was crystallised from 
light petroleum, when it was obtained in white, glistening plates, 

3p 2 


which melted sharply at 115°. It crystallised from alcohol in 
white needles: 
0°1435 gave 0°1841 AgCl. Cl=31°74. 
C,.H,Cl, requires Cl=31°8 per cent. 


Oxidation of 1: 2-Dichloroacenaphthene. 


The above substance (1 mol.) was boiled under a reflux con- 
denser for two hours with the calculated quantity of potassium 
permanganate (1 mol. K,Mn,O,) in aqueous solution. The colour- 
less solution, after filtration, was acidified with hydrochloric acid, 
and the white, crystalline precipitate was collected and washed. 
It was dissolved in aqueous sodium carbonate, reprecipitated with 
hydrochloric acid, collected, washed, and dried at 110°. It melted 
at 266°. On heating in a dry tube, it sublimed, and it dissolved in 
cold concentrated sulphuric acid, giving a yellow solution with a 
blue fluorescence. These properties agree with those of naphthalic 


anhydride. 
< \-cH 
1-Chloroacenaphthylene, a 
¢ S-cc1 
pe 


1: 2-Dichloroacenaphthene (1 mol.) was boiled with a slight 
excess of alcoholic sodium ethoxide for one hour. The yellow 
solution, after cooling, was poured into iced water, and the yellow, 
oily drops which separated were extracted with ether. After 
being washed with water, the ethereal solution was boiled with 
animal charcoal, dried, and evaporated, when a yellow oil re- 
mained : 

0°1034 gave 0°0793 AgCl. Cl=18°'99. 

C,.H,Cl requires Cl=19°05 per cent. 


Action of Iodine on Acenaphthylene. 


Ethereal solutions of molecular proportions of iodine and 
acenaphthylene were mixed, and the solvent was allowed to 
evaporate spontaneously. The greyish-black residue was washed 
several times with alcohol to remove free iodine. There remained 
a yellowish, insoluble residue, which readily dissolved in cold 
benzene, giving a reddish-brown solution. On pouring into 
alcohol, a lemon-yellow precipitate was obtained, which was 
collected, washed, and dried. On examination, it was found to 
contain no iodine. After several precipitations from benzene solu- 
tion by means of alcohol, it was obtained as a pale yellow powder, 
which was found to be very readily soluble in chloroform, carbon 
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tetrachloride, xylene, aniline, or o-nitrotoluene, but insoluble in 
alcohol, ether, or glacial acetic acid. It showed no signs of melt- 
ing at 260°. Although an analysis was not made, its properties 
agree in detail with those of polyacenaphthylene described by 
Dziewonski and Leyko (loc. cit.). 


In conclusion, the author desires to take advantage of this 
opportunity to express his best thanks to Professor H. B. Baker 
for the facilities afforded for the carrying out of the above work, 
which, although temporarily interrupted, it is hoped to continue 
later. 

Roya COLLEGE OF SCIENCE, 


IMPERIAL COLLEGE OF SCIENCE AND TECHNOLOGY, 
SoutH KeEnsineTon, 8.W. [Received, May 10th, 1915.]} 


CILI.—Studies on Alcoholysis. Part I. Dilatometric 
Determination of the Velocity of Alcohoiysis in the 
Presence of a Large Excess of Alcohol. 


By Gopat BaLtkrisHna Ko.narKar. 


Tue replacement of radicles in esters by the action of an alcohol 
containing a different alkyl group has long occupied the attention 
of many chemists. This replacement is very slight unless the esters 
and alcohols are heated for a long time in sealed tubes, but occurs 
fairly rapidly in the presence of strong acids or alkalis. 

Friedel and Crafts (Annalen, 1864, 130, 198; 1865, 133, 207) 
noticed this interchange of groups when they heated ethyl acetate 
with amyl alcohol or amyl acetate with ethyl alcohol. 

Claisen (Ber., 1887, 20, 646), while studying the action of sodium 
methoxide on benzaldehyde, found that the product of the reaction, 
when acidified with acetic acid and fractionated, gave a moderate 
yield of methyl benzoate. This he attributed to the replacement 
of the benzyl group in benzyl benzoate, first formed, by the methyl 
group under the action of sodium methoxide. As a very small 
amount of sodium brings about this interchange, he assumed the 
existence of an intermediate compound, which can decompose in 
two ways according to conditions. 

Purdie and his co-workers (T., 1886, 47, 862; 1887, 51, 627; 
1888, 53, 301) studied the interchange in the esters of acetic acid. 
In the presence of sodium alkyloxide the interchange is fairly rapid, 
but they state that the reaction occurs even in the absence of that 
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reagent and at the ordinary temperature. According to them, 
more complex radicles have a greater affinity for the acid than the 
less complex, except methyl, which has an affinity higher than 
ethyl, but lower than amyl. The greater affinity of the more 
complex radicles has also been noticed by Rose (Annalen, 1880, 
205, 240) in his study of the esters of carbonic acid. On the 
other hand, Bertoni and Truffi (Gazzetta, 1884, 14, 23) arrived at 


just the contrary results while studying the action of different 


alcohols on amy] nitrite. 

Patterson and Dickinson (T., 1901, 79, 280) boiled for a few 
hours ethyl tartrate with methyl alcohol containing 5 per cent. of 
hydrogen chloride. By measuring the rotation of the mixture 
they found that nearly 87 per cent. was changed into methyl 
tartrate, whilst in the reverse case the change was nearly 90 per 
cent. 

Kremann (dMonatsh., 1905, 26, 783; 1908, 29, 23) studied the 
action of alcoholic sodium hydroxide on‘triacetin, and found that 
with a quantity of the alkali equivalent to 3 per cent. of that 
required for complete saponification the velocity of the inter- 
change of radicles was too rapid for measurement. When the 
quantity of the alkali was varied from 0°29 to 2°9 per cent., there 
was a variation in the velocity of alcoholysis with variation in the 
quantity of sodium hydroxide used, although direct proportionality 
was not established. It was suggested that an equilibrium occurred 
between the ester and the alcohol, and that this was accelerated 
by the catalytic action of the alkali. 

Sudborough and Davies (P., 1905, 21, 87) have shown that, 
although the ethyl esters of most substituted benzoic acids can be 
transformed into methyl esters by boiling their solutions in methyl 
alcohol with a small quantity of sodium methoxide, the reaction 
does not proceed when the ester is diortho-substituted. Bruni and 
Contardi (Atti R. Accad. Lincet, 1906, [v], 15, i, 637) examined 
the action of an optically active alcohol on certain esters in the 
absence of a catalyst, and attempted to determine velocity constants 
py means of polarimetric measurements. 

Pfannl (MJonatsh., 1910, 31, 301) studied the interchange of 
methyl, ethyl, and propyl radicles in the esters of terephthalic, 
benzoic, and oxalic acids in the presence of alkali. He rejects the 
theory of the catalytic character of the alkali, and favours that 
of the formation of an intermediate compound. By taking advan- 
tage of the fact that methyl terephthalate is far more insoluble 
in methyl alcohol than the corresponding ethyl or propyl esters, he 
was able to show that a rough proportionality exists between the 
velocity of the interchange and the amount of the alkali used. 

Leuchs and Theodorescu (Ber., 1910, 43, 1239) were able to 
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replace the ethyl group in ethyl malonate by methyl by using a 
0°1N-solution of ammonia in methyl alcohol (see also in this con- 
nexion Weddige, J. pr. Chem., 1875, [ii], 12, 434; Salomon, Ber., 
1875, 8, 1506; Bachmann, Annalen, 1883, 218, 50; Israel, 
Annalen, 1885, 231, 229; Conrad and Epstein, Ber., 1887, 20, 
3052; Peters, Ber., 1887, 20, 3318; Kossel and Kruger, Zevtsch. 
physiol. Chem., 1891, 15, 321; Skraup, Monatsh., 1893, 14, 479; 
Henriques, Zeitsch. angew. Chem., 1898, 338; Haller, Compt. 
rend., 1906, 143, 657; Reid, Amer. Chem. J., 1909, 41, 483; and 
Komnenos, Monatsh., 1911, $2, 77). 

From a review of the above it will be seen that although the 
fact that extensive interchange of radicles in mixtures of esters 
and alcohols occurs in the presence of alkalis or acids, is confirmed 
by a number of workers, no systematic attempt, with the exception 
of the experiments of Bruni and Contardi, has yet been made to 
determine the velocity with which this interchange occurs in 
mixtures of different esters and alcohols or the relation between 
the influence of alkalis and acids on this interchange. The object 
of the present research has been to determine the velocity of 
alcoholysis under the influence of acids and alkalis. The process 
selected was the dilatometric method which has already been used 
for studying analogous reactions, such as the hydrolysis of esters 
and of bioses (Koelichen, Zeitsch. physikal. Chem., 1901, 38, 154; 
Benrath, ibid., 1909, 67, 501; Galleoti, ibéd., 1911, 76, 105; 1912, 
80, 241; P., 1913, 29, 280; and Anderson and Holden, J. Physical 
Chem., 1914, 18, 152). 


EXPERIMENTAL, 


The action of methyl, ethyl, propyl, isopropyl, isobutyl, and 
tsoamyl alcohols on esters of acetic, propionic, butyric, benzoic, 
monochloroacetic, and trichloroacetic acids has been studied. Ethyl 
and methyl alcohols were treated three times with small quantities 
of calcium and distilled, and their purity was tested by means 
of their densities. Further treatment with calcium produced no 
alteration in density. The other alcohols were purified by treating 
them once with calcium and then distilling. 

The esters were generally found to be slightly acidic. Contact 
with anhydrous sodium carbonate for some time did not remove 
the acidity except in the case of esters of mono- and tri-chloroacetic 
acids. With other esters the addition of about 1 per cent. of 
water enabled sodium carbonate to remove the acidity in the course 
of one or two days. They were then dried over calcium chloride, 
and carefully fractionated until they distilled within half a degree. 
The changes in volume observed were found to be very small, 
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being less than 0°4 per cent. of the volume of the reacting mixture 
in the most favourable cases, whilst in many cases they were less 
than 0°1 per cent. A reading-microscope was therefore used, and 
by this means the level of the meniscus in the capillary of the 
dilatometer could be read to within 0'l mm. Further, the great 
coefficient of expansion of the reacting substances necessitated a 
very delicate adjustment of the temperature of the thermostat. 
The thermostat was heated electrically, the regulator used being 
of a type described in 7'rans. Faraday Soc., 1911, 7, 249. By using 
a very efficient stirrer and by keeping the platinum contacts in the 
regulator quite clean the temperature of the bath could be kept 
constant within 0°01°, whilst smaller variations were determined 
with the aid of a Beckmann thermometer, and a volume correction 
applied. 

All the reactions were studied at 30°. In the absence of a cata- 
lyst the reaction mixtures gave no appreciable change of volume 
even after keeping for a week, except a mixture of ethyl trichloro- 
acetate and methyl alcohol; 17 c.c. of this mixture contracted about 
0°006 c.c. in the course of a week. In all cases, therefore, the reac- 
tions were studied under the influence of a catalyst. An approxi- 
mately 0°02N-alcoholic solution of hydrogen chloride was mostly 
used, whilst a few reactions were also studied with sodium alky]l- 
oxide as the catalyst. 

With a view to determine whether the variation in the concen- 
tration of the reacting substances is a linear function of the change 
of density of the reacting system, the densities of the following 
mixtures were carefully determined : 

(1) 1 mol. of ethyl benzoate +2 mol. of methyl] alcohol. 

(2) 0°6 mol. of ethyl benzoate+0°4 mol. of methyl benzoate + 
0°4 mol. of ethyl alcohol + 1°6 mol. of methyl! alcohol. 

(3) 0°4 mol. of ethyl benzoate+0°6 mol. of methyl benzoate + 
0°6 mol. of ethyl alcohol +1°4 mol. of methyl alcohol. 

(4) 1 mol. of methyl benzoate + 1 mol. of ethyl alcohol +1 mol. of 
methyl! alcohol. 

The pyknometer was similar to the one used by Homfray (T., 
1905, 87, 1430). 

The internal diameter of the capillary was about 0°'4 mm. The 
bent limb had only one mark near the bend, whilst on the straight 
limb a number of marks 1 mm. apart were etched and the capacity 
of the etched portion was very carefully ascertained. Each division 
had a capacity of 0°2 c.mm. A piece of rubber tubing on the open 
end of the bent portion was slightly pinched to facilitate the adjust- 
ment of the liquid to the mark near the bend, and its position 
in the other limb was read by a magnifying glass on the etched 
portion. In order to prevent evaporation, both the open ends 
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were fitted with ground-glass caps, which were only removed when 
adjusting and reading the level. The capacity of the bulb was 
about 8 c.c., and the density was determined correctly to within 
2 units in the fifth place. 

In the accompanying curve the ordinates represent the densities 
of the different mixtures, and the abscisse the corresponding fall 
in the concentration of ethyl benzoate which is replaced by methyl 
benzoate. The values lie approximately on a straight line, indicat- 
ing that the change in the concentration of ethyl benzoate is a 
linear function of the change in the density of the system within 
the limit of experimental error. 

Density determinations have not been made with mixtures con- 
taining other esters, and it is assumed that in these cases also the 
concentration change is a linear function of the density change. 

In studying the velocities of alcoholysis the dilatometers used 
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were of two kinds: (1) those having bulbs with two capillaries and 
taps, (2) those with bulbs having one capillary and tap. 

The length of the capillary between the bulb and the tap was 
about 30 to 40 cm., and the internal diameter about 0°8 mm. In 
each case a mark was etched near the tap, and each dilatometer 
was carefully calibrated and the capacity of different portions of 
the capillary exactly ascertained. 

Dilatometers of the first type of about 15 c.c. capacity were used 
when the proportion of alcohol to ester was limited (1:1, 1:2, etc.), 
and the reaction was studied as a bimolecular one. The results 
of these experiments will be communicated later. 

When a large excess of alcohol was used, it was thought that 
the reaction would probably approximate to a monomolecular one, 
and as a knowledge of the volume of the reacting mixture at the 
beginning is not absolutely essential in such a case, dilatometers 
of the second type were used in these experiments, and the results 
are recorded in the present paper. 
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On account of the excess of the alcohol in the reaction mixture, 
the relative amount of ester is too small to give a measurable 
change in volume with dilatometers of 15 ¢.c. capacity. For these 
reactions dilatometers of 50 to 70 c.c. capacity were used. The 
increase in the capacity of the dilatometer introduced, no doubt, a 
larger error due to variations in the temperature of the bath, but 
the advantage secured by having a greater change in volume more 
than compensated for this. The dilatometer was almost entirely 
filled with a mixture of the alcohol, the ester, and the catalyst in 
known proportions, at a temperature about 10° below the tempera- 
ture of the bath, and was then transferred to the bath. The expan- 
sion of the liquid due to the rise in the temperature was usually 
found sufficient to fill, not only the bulb, but also the whole of 
the capillary. The level of the liquid was then adjusted to a 
convenient height by a narrow capillary. In about thirty minutes 
temperature equilibrium was established, and readings were then 
taken at suitable intervals. The time of the first reading was taken 
as the starting point. 

It was necessary to ascertain whether, at the temperature of the 
bath, the hydrogen chloride used as a catalyst had any action 
on the alcohols or esters. The action of mineral acids on alcohols 
has already been studied by a few workers, but only at higher 
temperatures (Cain, Zeitsch. physikal. Chem., 1893, 12, 751; 
Villiers, Ann. Chim. Phys., 1880, [v], 21, 72). Several dilato- 
meters were filled with alcohols or esters containing a small amount 
oi hydrogen chloride, and the change in the level of the liquid 
noted. Ethyl benzoate and ethyl acetate containing hydrogen 
chloride (approximately 0°2V) were kept in the bath for a week, 
aud the variation in the level was found to be less than 1 mm. 
The action of the-gas on other esters was not studied. Alcohols 
gave an appreciable change in volume with hydrogen chloride, and 
the following table summarises the results obtained. The dilato- 
meters used were of different capacities, and the bores of the capil- 
laries also varied slightly. They are, however, reduced to the 
volume 13°8 c.c. and the bore of the same size to afford facility of 
comparison. 


TaBie I. 
Duration Vol. of the 

of the reaction Increase 

Normality reaction mixture. Rise in of vols. 

Alcohol. of HCl. in days. c.c. cm. in ¢.¢. 

1. Methyl...... 0-704 71 13-8 35-68 0-1612 
2. Methyl .... 0-358 71 13-8 17-9 0-0811 
3. Ethyl ...... 0-36 71 13-8 5-11 0-02315 
4. Ethyl ...... 0-36 24 13-8 1-86 0-00802 
5. Propyl...... 0-36 24 13-8 1-64 0-00718 
6. isoAmy]! ... 0-36 24 13-8 1-14 0-0051 
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In the first three cases the liquid in the dilatometer, after the 
last reading had been taken, was transferred to a flask, and the 
concentration of the acid, determined by titration, was found to 
be 0°26N, 0°126V, and 0°286N respectively. The increase in 
volume thus seems to be due to the combination of the alcohol 
with the acid. In seventy-one days about 63 per cent. of the 
hydrogen chloride has combined with methyl alcohol, and only 
about 20 per cent. with ethyl alcohol. 

The action of hydrogen chloride on isobutyl and isopropyl 
alcohols was also studied. The results obtained are not given in 
the above table, as the concentration of the acid used had not been 
accurately ascertained. The increase in volume in these cases is 
also small, being less than that given by isoamyl alcohol under the 
same conditions. 

From the first two results it appears that the increase in volume 
caused by the action of hydrogen chloride on methyl alcohol is 
practically proportional to the concentration of the acid used. 
These experiments were used to determine what part of the varia- 
tion in volume obtained in alcoholysis was due to the action of the 
hydrogen chloride on the alcohol. As a further check, the dilato- 
meters were kept in the thermostat often for more than a week 
after the reaction due to alcoholysis was completed, in order to 
ascertain the action of hydrogen chloride alone on the mixture. 
The variation thus determined was usually a little less than that 
calculated. ‘The necessary correction was then introduced. The 
correction is appreciable in the case of methyl alcohol, but is negli- 
gible when other alcohols are used. 

The following example will show the correction made in such 
cases, and the method of arriving at the amount of the correction 
to be introduced. 


Mixture of Ethyl Acetate and Methyl Alcohol in the ratio 1:20, 
with 0°0213N-Hydrogen Chloride as Catalyst. 


Time. 
7 ~ Actual Corrected 
Hours. Mins. reading in mm. reading. 
0 0 249-3 249-3 
1 35 219-8 219-8 
2 5 213-2 213-1 
3 5 204-3 204-2 
4 5 198-9 198-7 
19 15 185-8 185-0 
67 35 187-8 = 
115 5 189-7 — 


From these numbers it is clear that the alcoholysis has reached 
a state of equilibrium within twenty hours. The rise observed in 
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the last two values is due to the action of the hydrogen chloride 
on the alcohol, and amounts to about 1 mm. in twenty-four hours. 

The readings given in the third column are corrected on the 
above basis. It will be seen that the corrections are very small, 
and in all cases where the alcoholysis is comparatively rapid and 
the concentration of the catalyst small, the same holds good. It 
is only in the case of the esters of trichloroacetic acid and of 
benzoic acid that the corrections become really appreciable. 

In the above series of experiments the correction was controlled 
by comparing the result with the changes actually observed by the 
action of hydrogen chloride on methyl alcohol under similar condi- 
tions. The change calculated from the observed readings was 
1°4 for the first twenty-four hours. This value is somewhat higher 
than that obtained by the first method, but the difference would 
not affect the constants in the great majority of the determinations 
made. 


Alcoholysis as a Unimolecular Reaction, with Hydrogen Chloride 
as Catalyst. 


It seemed probable that the simplest type of reaction would be 
that in which the alcohol was in large excess. With a constant 
amount of catalyst in the solution the reaction should approximate 
to a unimolecular one, at least in the initial stages. If so, the 
expression 1/t.loga/(a—zx) (where a is proportional to the initial 
concentration of the ester, and « to the amount changed in time ¢) 
should be constant, and the following results show that this is 
the case. 

In most of the experiments the ester was mixed with about 
20 molecular proportions of the requisite alcohol. The reaction 
reaches an equilibrium when about 96 per cent. of the ester is 
transformed, and for a strict application of the above formula a 
greater proportion of alcohol would have been desirable. Even 
with the above ratio, however, the total change in many cases is as 
low as 0°05 per cent. of the volume of the reacting mixture. Greater 
dilution, therefore, was scarcely practicable. In one case, however, 
the proportions 40:1 were used, and it was found that the 
constant differed only slightly from that obtained with 20 molecular 
proportions. As the methyl esters are denser than the other 
esters, a contraction occurs when methyl alcohol reacts with the 
esters of other alcohols. Similarly, there is always an expansion 
in volume when a methyl ester reacts with other alcohols. 
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Effect of Varying the Concentration of the Catalyst. 


The concentration of the catalyst employed in all these experi- 
ments is not quite identical, but varies within a small limit. By 
assuming that there is a direct proportionality between the concen- 
tration of the catalyst and the value of the constant, all the con- 
stants are recalculated for 0°02N-strength of the catalyst. That 
we are justified in making this assumption will be seen from the 
following experiments, in which a mixture of isobutyl acetate and 
20 molecular proportions of methyl alcohol was allowed to undergo 
a change under the influence of the catalyst at various concentra- 
tions. 

The temperature was 29°96°, and in (I) the concentration of the 
catalyst was 0°0101N and in (II) 0°02987. 


(I.) (II.) 
t. (in 1/t.loga/ t. (in 1/t.loga/ 
mins.) d. a-x. (a - 2). mins.) 4d, a-x. (a-72). 
0 211-2 152-2 -- 0 203-9 119-6 -— 
60 190-1 131-1 0-00108 30 180-9 96-6 0-00309 
120 172-1 113-1 0-00107 60 162-7 78-4 0-00306 


180 157-0 98-0 0-00106 120 135-6 31-3 0-00306 
240 144-0 85-0 0-00105 180 118-2 33-9 0-00304 
360 122-8 63-8 0-00105 300 99-0 14-7 0-00304 
- @ 59-0 —- — [oe 2) 84-3 — — 
Mean value of the constant 0-00106. Mean value of the constant 0-00306. 


* The values of d at t= were obtained by keeping the mixture until the 
alteration in the volume was due entirely to the action of the hydrogen 
chloride on the methyl alcohol. The value was checked in several cases by a 
process of extrapolation. 


As the concentration of the catalyst increases from 0°0101N to 
0°0298.V the value of the constant also rises from 0°00106 to 
0°00306. The rise in the value of the constant is thus propor- 
tional to the rise in the concentration of the catalyst within the 
limits of experimental error. 

The following three tables give values for 1/t.loga/(a—z) 
obtained with ethyl acetate and methyl alcohol in three different 
experiments. These will illustrate the nature of the observations 
made and the degree of accuracy obtainable. 

R=molecular ratio of the alcohol to the ester; 7’ =temperature ; 
C=concentration of the catalyst; V =volume of the dilatometer in 
c.c.; Cp=capacity of 1 cm. length of the capillary in c.c., and 
d=distance in mm. of the meniscus from a fixed mark. 
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Ethyl Acetate and Methyl Alcohol. 


(I). (II). 
R =20; T=30°01°; C=0°02178; R=20; T=30-02°; C=0-0213; 
V =29°19; Cp=0-002006. V =59°23; Cp=0°004447. 
1/t. log t. 1/t. log 
(mins.) d. a-2x aj/(a-2x). (mins.)_  d. a-2. a/(a—2) 
0 244-0 64-0 — 0 249-3 64-3 — 
90 215-6 35-6 0-00283 95 219-8 34-8 0°00281 
120 208-7 28-7 0-00290 125 213-1 28°1 0-00287 
150 203-5 23-5 0-00290 185 204-2 19-2 0-00284 
210 196-3 16-3 0-00283 245 197-7 12-7 0-00287 
270 190-6 10-6 0-00289 oo 185-0 _ — 
ra) 180-0 a a 
(IIT). 


R=20; T=29°96°; C=0°01973; V =50°05; Cp=0°004543. 


t. (mins. ). d. a-2. 1/t. loga/(a - x). 
0 194-4 52-4 — 
50 180-6 38-6 0-00265 
140 164-9 22-9 0-00257 
200 158-3 16-3 0-00253 
320 149-8 7-8 0-00258 
© 142-0 -— —- 
Mean values...... .. (I)=0-00287; (II) =0-00285; (IIT) =0-00258. 


Corrected for 0-02N-HCI: 0-00263 ; 0-00268 ; 0-00262; k= 0-00264. 


Summary and Conclusions. 


The following table gives a summary of the results obtained. 
The values for the constants are the mean values, corrected for 
0°02N-hydrogen chloride, given in the preceding pages and multi- 
plied by the factor 2°3026. In all cases the unit of time is one 
minute and the temperature 30°. 


Taste II. 
Velocity Constants with 0°02N-Hydrogen Chloride as Catalyst. 
Description of Mixture. R. 
1. Ethyl acetate and methyl alcohol ........................ 0-00608 
2. Propyl acetate and methyl alcohol .................... me 0-00546 
3. isoPropyl acetate and methyl alcohol .............. ... 0-00214 
4. isoButyl acetate and methy! alcohol..................... 0-00488 
5a. isoAmyl acetate and methyl alcohol ..................... 0-00495 
5b. isoAmyl acetate and methyl alcohol ..................... 0-00513 
6. isoButyl formate and methyl alcohol .................. 0-218 
7. Ethyl propionate and methyl alcohol ............ ..... 0-00375 
8. Ethyl Eutyente and methyl alcohol .. .................. 0-00204 
9. Ethyl monochloroacetate and methyl alcohol ........ 0-00249 
10. Ethyl trichloroacetate and methyl alcohol ........... 0-000229 
11. Ethyl benzoate and methyl alcohol ................++... 0-0000371 


12. Methyl acetate and ethyl alcohol ............ ....6...... 0-00172 
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TaBie II. (continued). 


Velocity Constants with 0°02N-Hydrogen Chloride as Catalyst. 


Description of Mixture. k. 

13. Methyl acetate and propyl alcohol.....................+5 0-00105 
14. Methyl acetate and isopropyl alcohol ........ ......... 0-0000723 
15. Methyl acetate and isobutyl alcohol ......... . ......... 0-000776 
16. Methyl acetate and isoamyl alcohol ...... .... ... ..... 0-000861 
17. Methyl propionate and ethyl alcohol . .................. 0-000979 
18. Methyl butyrate and ethyl alcohol... . .................. 0-000546 
19. Methyl monochloroacetate and ethyl alcohol ......... 0-000953 
20a. Ethyl acetate and methyl alcohol. with 0-138 per 

RE SE RG ic SALI DRT RT ee 0-00456 
206. Ethyl acetate and methyl alcohol with 0-536 per 

GOI, GE WHEE csc cctincs 50 scencecnsccsentes.cste. snnnsounene 0-00281 


In all the experiments, with the exception of No. 56, the ratio 
of ester to alcohol was 1 : 20; in 56 it was 1: 40. 

In any discussion of results relating to experiments on alcoholysis 
the analogy between alcoholysis on the one hand, and esterification 
and hydrolysis on the other should be borne in mind. In all three 
cases the first stage probably consists in the formation of an 
additive compound. 

(a) In esterification, a compound of alcohol and acid ; 

(6) in alcoholysis, a compound of ester and alcohol ; 

(c) in hydrolysis, a compound of ester and water. 

The second stage in the reaction consists in the decomposition 
of the intermediate compound into: (a) ester and water, (b) ester 
and alcohol, (c) acid and alcohol. 

The function of acids and alkalis as catalysts in all three reac- 
tions is presumably of the same type, and may consist in the 
formation of a complex ion, derived from the hydrion or hydroxylion 
and one of the reacting substances, or more probably derived from 
the above-mentioned additive compounds and an ion of the catalyst 
(Jones and Lapworth, P., 1914, 30, 142). 

This analogy between the three types of reactions has already 
been indicated by experimental results. It has been shown that 
diortho-substituted benzoic acids are not readily esterified by the 
ordinary hydrogen chloride method (Ber., 1894, 27, 510, 1580, 
3146). The esters, when once formed, are not readily hydrolysed 
(V. Meyer, Ber., 1895, 28, 188), and also are not readily trans- 
formed into other esters (Sudborough and Davies, P., 1905, 21, 87). 

It is also well known that in the absence of a catalyst compara- 
tively strong organic acids are much more readily esterified than 
weak acids (Sudborough and Lloyd, T., 1899, 75, 481 ; Sudborough, 
ibid., 1912, 101, 1235); further, that the esters of such acids are 
usually readily hydrolysed by water alone, and still more readily 
by alkalis (Sudborough and Feilmann, P., 1897, 18, 241), and 
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recent experiments by Sudborough and Bhagvat show that the 
esters of such acids undergo alcoholysis in the absence of a catalyst 
much more readily than the esters of weak acids. 

As the result of experiments on the rates of esterification of the 
normal fatty acids by means of methyl-alcoholic solutions of 
hydrogen chloride, Sudborough and Gittins (T., 1908, 93, 211) 
have arrived at the following relative numbers: Acetic : pro- 
pionic : n-butyric as 100: 88°3: 480. The relative alcoholysis 
numbers for the ethyl esters of these acids in the presence of methyl 
alcohol are 100 : 62 : 33°6. 

The following are the relative esterification constants of acetic, 
monochloroacetic, trichloroacetic, and benzoic acids: 100, 35°6, 
0°93, 0°272 (Sudborough and Turner, T., 1912, 101, 237) and the 
corresponding alcoholysis values for the ethyl esters: 100, 41, 
3°8, 0°610. The relationship between formic acid and acetic acid 
is represented by the relative values for the alcoholysis of the 
isobutyl esters with methyl alcohol. They are as 45 : 1, whereas 
the relative rates of esterification are as 10°8 : 1. 

A comparison of all these numbers indicates that the relative 
rates of esterification by the catalytic method and of alcoholysis of 
the corresponding esters by means of hydrogen chloride follow 
the same order, namely, formic, acetic, propionic, n-butyric, tri- 
chloroacetic, benzoic. Monochloroacetic acid, however, forms an 
exception. 

All the values so far compared have been obtained by using 
hydrogen chloride as catalyst and working in the presence of a 
relatively large excess of methyl alcohol. It is to be remembered 
that the esterification constants were determined at 15° and the 
alcoholysis constants at 30°. 

The relative activities of the various alkyl groups calculated 
from the experiments on alcoholysis of the acetates are: methyl, 
100; ethyl, 28; n-propyl, 19; isopropyl, 3°4; isobutyl, 16; and 
isoamyl, 17. 

The isopropyl group derived from a secondary alcohol is thus 
far less reactive than the isobutyl and tsoamyl groups derived from 
primary alcohols. Comparative numbers based on esterification 
experiments by the catalytic method are not available. Michael 
and Wohlgast (Ber., 1907, 42, 3157) have shown that, using the 
direct method of esterification and trichloroacetic acid as the 
organic acid, secondary alcohols react much less readily than 
primary. 

A comparison of the numbers given in experiments 1 and 12,7 and 
17, 8 and 18 indicates that the ratio ethyl ester + methy! alcohol / 
methyl ester+ethyl alcohol, that is, k/k’, is almost the same for 
acetates, propionates, and butyrates, the ratios being respectively 
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3°5, 3°8, and 3°7. These numbers indicate that the relative 
affinities of the methyl and ethyl groups towards an acyl group 
are to a certain extent independent of the nature of the acyl 
group. 

Hemptinne (Zeitsch. physikal. Chem., 1894, 18, 562), Loewen- 
herz (ibid., 1894, 15, 389), and J. Meyer (cbid., 1909, 66, 81) have 
arrived at the same conclusion as the result of experiments on the 
hydrolysis of methyl, ethyl, propyl, and butyl esters with dilute 
hydrochloric acid. Thus Hemptinne gives the ratio methyl ester/ 
ethyl ester=0°97 and ethyl ester/propyl ester=1°01, as determined 
by experiments on the esters of a few of the normal fatty acids. 
Somewhat similar results are given by Meyer as the result of 
experiments with succinates. The ratio is approximately 1. 

With comparatively strong acids, such as chloroacetic and tartaric 
acids, the hydrolysis ratio, ethyl ester/methyl ester, can be some- 
what different, for example, with tartaric acid the ratio is 0°83 
(J. Meyer), and with monochloroacetic acid 0°92 _(Loewenherz). 
The results of experiments Nos. 9 and 19 also indicate that the 
alcoholysis ratio in the case of esters of strong acids (compare 
chloroacetates) may be somewhat different. 

Hemptinne also established the ratios, using dilute hydrochloric 
acid as hydrolysing agent, acetate ester /propionate ester= 1°07, and 
propionate ester/butyrate ester=1°'75. The corresponding alco- 
holysis values are 1°6 and 1°8. Similarly, Loewenherz found the 
values: formate ester/acetate ester=20, acetate ester /monochloro- 
acetate ester=1°7, and acetate ester/benzoate ester=190, whereas 
the alcoholysis values are 45, 2°4, 164. 

In addition to the experiments described in the paper, a number 
of other reactions have also been studied with different proportions 
of alcohol and ester, and also with sodium alkyloxides as catalysts. 
The results and a further discussion will be given in due course. 


In conclusion, I have to thank Dr. Sudborough for suggesting 
the research, Dr. Travers for many valuable suggestions during 
the course of the experiments, and Drs. Sudborough and H. E. 
Watson for personal direction during the progress of the work. 
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CIV.—The Formation of Chlorinated Amines by the 
Reduction of Nitro-compounds. 


By Winirrep Grace Hurst and Jocetyn Fie.p Tuorpe. 


Tue first reference to the fact that the reduction of aromatic 
nitro-compounds to the corresponding aminoderivatives through 
the agency of tin and hydrochloric acid often leads to the produc- 
tion of by-products containing chlorine seems to have been made 
by Fittig (Ber., 1875, 8, 15), who was able to isolate some chloro- 
bromoaniline by the reduction of pbromonitrobenzene. Sub- 
sequently, Kock (Ber., 1887, 20, 1569) obtained considerable 
quantities of pchloroaniline by the reduction of nitrobenzene under 
similar experimental conditions. S 

No one who has used this method of reduction can have failed 
to notice the production of these halogenated by-products, although 
very few attempts seem to have been made either to identify them 
or to work out an experimental basis for their formation. That, 
under certain conditions, they may constitute the main product 
of the reaction, has been shown by Gabriel and Stelzner (Ber., 
1896, 29, 305), who, by the reduction of nitromethylindazole, 
obtained only the chloroaminomethylindazole : 


Cl 
cH.Z \—CH cH,” \—CH 
| | 1 SNH a a 1. ts Se. 
: Sv \7_N 
Xo, NH, 


Gabriel and Stelzner consider that the reaction is due to the 
formation of the intermediate hydroxylamine derivative, which, in 
the presence of the halogen acid, passes into the halogen substi- 
tuted amine in accordance with the observation of Bamberger 
(Ber., 1895, 28, 251). They also observe that if the para-position 
is occupied, the halogen enters the ortho-position, as, for example, 
in the production of chlorobromoaniline in the manner described 
by Fittig (loc. cit.). 

During the autumn months, the staff and research students of 
this laboratory have been engaged in the preparation of consider- 
able quantities of phenacetin, and, in the first instance, this sub- 
stance was prepared by the method recommended by Hinsberg 
(Annalen, 1899, 305, 278), in which tin and concentrated hydro- 
chloric acid are used as the reducing agents, and the product is 
directly acetylated by acetic anhydride: 
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OEt OEt OEt 
JN ro r is 
| —> | —_ | | 
ot \4 VS 
NO, NH, NHAc 


(Phenacetin.) 


We were astonished to find, however, that the compound 
(phenacetin) prepared in this way melted below 100°, and investi- 
gation showed that it contained about equal quantities of 
phenacetin (m. p. 136°) and a chlorophenacetin (m. p. 97°). Sub- 
sequently, it was found that pure phenacetin was formed by using 
dilute acid, and that, under the experimental conditions described 
later, the chlorophenacetin could be obtained, as sole product, when 
concentrated acid was used. This chlorophenacetin melted at 97°, 
and gave on hydrolysis a base, melting at 24°. 

An examination of the literature showed that both the theoretic- 
ally possible chlorophenacetins and their corresponding bases had 


been described : 


OEt OEt OEt OEt 
Ny Nc Pi es, 
| | and Ul | Cl 
“sr “4 \Z ae 
NH, NHAec NH, NHAec 
(I.) (II.) 


The chloro-compounds (I) have been prepared by Reverdin and 
Diiring (Ber., 1899, 32, 155) by the chlorination of phenacetin. 
The structure of this compound follows from the fact that these 
chemists were able to prepare it by the nitration of o-chloro- 
phenetole and subsequent reduction, and we have confirmed these 


OEt OEt OKt 
“No No f™ 
: Cl ait ! Cl nile : Cl, 
a \/4 Be 
NO, NH, 


results by obtaining the same substances by the chlorination of 
p-nitrophenetole, and reducing the product: 


OEt OEt OEt 
JN Pm ra 
\/ ae ete: = Lhe. 

No, No, Nu, 


The chlorophenacetin obtained in these ways melts at 132°, and 
its base at 66°. 
The chloro-compounds (II) have been described by ‘Orton and 
3Q 2 
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King (T., 1911, 99, 1190), and were formed by. taking advantage 
of the equilibrium existing between chloroamines, hydrogen 
chloride, anilides, and chlorine, 

Ar-NCl-Ac + HCl — Ar-NH-Ac + Cly, 


which was discovered by Orton and Jones (T., 1909, 95, 1456). 
The chlorophenacetin, prepared by the action of this reagent on 
phenacetin, melted at 128—129°, and the corresponding base at 
64—65°. 

It will be noticed that the melting points of the compounds pre- 
pared by Reverdin and Diiring, and by Orton and King, lie very 
close together, and it seemed likely that the substances might be 
identical. This proved to be the case, because a specimen of 
chlorophenacetin prepared in accordance with the instructions given 
by Orton and King was shown, by direct comparison, to be 
identical with the compound formed by the chlorination, reduction, 
and acetylation of pnitrophenetole, as well as by the methods 
described by Reverdin and Diiring. 

It follows, therefore, that the chlorination of the compounds 


OEt OEt 

SN / 
and | - 

\4 Vi 

NO, NHAc 
leads to the formation of chlorine derivatives having the halogen 
in the ortho-position with respect to the ethoxy] group, and that 
the ortho-position with respect to the basic group can only be 
filled when the nitro-group is reduced in the manner described in 
this communication. The view of Gabriel and Stelzner as to the 
cause of this reaction is, therefore, in all probability the correct 
one, although it is likely, owing to the ease with which chloro- 
amines pass into aminochloro-derivatives (Chattaway and Orton, 
T., 1899, 75, 1046), that the course of the reaction may be repre- 
sented by the expression : 


OEFt OEt OEt OEt 
AN rr rh, PM 
| | — | —> — | aa 
bf a a A Nt, 
NO, NH-OH NHCl NH, 


It also follows that the chlorination of an amine of this type 
cannot be preceded by the formation of the chloroamine in accord- 
ance with the view of Chattaway and Orton (loc. cit., p. 1048), 
because the chlorination of phenacetin and similar substances leads 
to the production of halogen derivatives having the halogen in 
the meta-position with respect to the basic group. 
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During the course of these experiments, we discovered the curious 
fact that, whereas a practically quantitative yield of the phenol 
can be obtained from chlorophenacetin by treatment in benzene 
solution with aluminium chloride, 


OEt OH 
/\ oe ‘ae 
Cl Cl 
- 
NHAc NHAc 


the phenol cannot be prepared from the corresponding methyl! ether 
in this way. 

With the object of characterising the new chlorinated bases by 
the formation of typical derivatives, we studied the action of ethyl 
acetoacetate on them in the hope of preparing the corresponding 
hydroxyquinolines. 

This reaction has been used by Knorr (Ber., 1884, 17, 542), by 
Conrad and Limbach (Ber., 1888, 21, 525), and, more recently, by 
Ewins and King (T., 1913, 103, 104). The last-named authors 
were able to show that the formation of the quinoline derivative 
depended on the intermediate production of the corresponding 
amide of acetoacetic acid, thus: 

C,H,Me-NH, + CO,Et-CH,-COMe —> 
CMe:CH 
C,H,Me-NH-CO-CH,-COMe —> OH, Me<y — Lon 
and that the amides of this type can be readily prepared by merely 
boiling a mixture of equimolecular quantities of the base and aceto- 
acetic ester. 

On applying the conditions described by Ewins and King to the 
chlorinated bases, described in this paper, we obtained a crystalline 
substance, but investigation showed that it was not the correspond- 
ing amide of acetoacetic acid, but a derivative of carbamide, which 
must have been formed by the interaction of the base and the 
amide, probably in accordance with the scheme: 
OEt*C,H,Cl-N H-CO-CH,"COMe 

H —> 
i 
HN-C,H,Cl-OEt 
OEt-C,H,Cl-NH-CO 
NH-C,H,Cl-OEt 
A similar substance is obtained by the action of ethyl aceto- 
Cl 


acetate on the chloro-base, NHS ort, and the reaction seeps, 


+ CH,COMe. 


therefore, to be a general one for compounds of this type. 
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ExPERIMENTAL. 


3-Chloro-p-phenetidine, NH, _ ort. 


The reduction of pnitrophenetole was effected by tin and hydro- 
chloric acid, 100 grams of the nitro-compound being used with 
200 grams of tin and 500 c.c. of concentrated hydrochloric acid. 
Under these conditions, a yield of about 50 per cent. of the chloro- 
phenacetin is produced if the reaction is moderated by cooling 
under running water, but the yield is increased to 90 per cent. if 
the reaction is carried out in a large flask fitted with a double 
surface condenser, and allowed to proceed without cooling. The 
separation of the chloro-compound from the normal product of 
reduction can be readily effected by taking advantage of the fact 
that the acetate of the chlorinated base is completely dissociated 
by water, and that the base can therefore be extracted by ether 
from an acetic acid solution containing the unchlorinated base in 
the form of its undissociated acetate. The method adopted was 
as follows. 

The product of reduction was mixed with an excess of freshly 
slaked lime and distilled in a current of steam, the distillate being 
collected in a known quantity of dilute hydrochloric acid, since 
the basic mixture is rapidly coloured by exposure to air. When 
all oil had distilled over, excess of sodium acetate solution was 
added, and the liquid extracted by ether. 

In order to remove the last traces of the unchlorinated base, the 
ethereal solution was shaken with a little dilute acetic acid, and 
then with dilute hydrochloric acid. The hydrochloric acid extract, 
when mixed with an equal volume of concentrated hydrochloric 
acid, deposited the whole of the chlorinated base as its crystalline 
hydrochloride. 

The base isolated from this hydrochloride is a colourless liquid, 
which boils at 161°5°/33 mm. It solidifies when cooled by ice, and 
can be obtained in colourless needles, melting at 24°, by cooling a 
solution in light petroleum (b. p. 60—70°). (Found, N=8:27; 
Cl=20°69. C,H,ONCI requires Cl=20°7; N=8°2 per cent.) 

The hydrochloride crystallises from 20 per cent. hydrochloric acid 
in small needles, which melt and decompose at 225°. 


3-Chloroaceto-p-phenetidide, ORC YN HAc. 
a) 


The chloro-base is acetylated with remarkable ease, and the 
acetyl derivative is best prepared by dissolving the hydrochloride 


eee 
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of the base in water, adding rather more than the theoretical 
quantity of sodium acetate, and shaking the milky solution with 
a slight excess of acetic anhydride until precipitation is complete. 
It forms well-defined prisms from benzene, and melts at 97°. 
(Found, N=6°62; Cl=16°57. C,j)H,,O,NCl requires N=6°56; 
Cl=16°6 per cent.) 

When hydrolysed by dilute sulphuric acid, the acetyl derivative 
is converted into the base from which it was derived. A specimen 
of this chlorophenacetin was examined by Professor A. R. Cushny, 
F.R.S., and was found to be non-toxic; its physiological action has 
not yet been investigated. 


3-Chloro-4-acetylaminophenol, OH 4 DN HAc, 
Cl 


The hydrolysis of the ethoxy-group was effected in the following 
manner. Five grams of 3-chloroaceto-pphenetidide were dissolved 
in 15 c.c. of dry benzene contained in a flask fitted with a good 
reflux condenser. Five grams of aluminium chloride were added, 
and the violent reaction was allowed to proceed without cooling. 
The cooled liquid was then diluted with water and extracted with 
ether. The residue was purified by treatment with dry ether, and, 
after crystallisation from chloroform, yielded long prisms, melting 
at 121°: , 

0°2800 gave 19°0 c.c. N, at 22° and 751 mm. N=7°59. 

0°3004 ,, 0°2285 AgCl. Cl=18°82. 

C,H,O,NCI requires N=7°54; Cl=19°1 per cent. 


3-Chloro-p-anisidine, OMeC YN H,. 
“Cl 

This base is prepared in the same way as the corresponding 
ethoxy-derivative. The hydrochloride is, however, less readily 
soluble in dilute hydrochloric acid, and is completely precipitated 
from an aqueous solution containing 6 per cent. of the acid. It 
is a colourless, highly refractive liquid, which boils at 156°/ 
31 mm.: 

0°1447 gave 11°4 c.c. N, at 20° and 768 mm. N=9'1. 

C,H,ONCI requires N =8°9 per cent. 

The acetyl derivative is precipitated when the base, dissolved in 
dilute hydrochloric acid, is treated with excess of sodium acetate 
solution, and then shaken with rather more than the requisite 
quantity of acetic anhydride. It crystallises from benzene in 
prisms, which melt at 114°: 
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0°3542 gave 22°2 c.c. N, at 22° and 7485 mm. N=6°'99. 
0°3162 ,, 0°2246 AgCl. Cl=17°58. 
C,H,,O.NCl requires N=7°0; Cl=17°8 per cent. 


Cl 
2-Chloro-4-ethoxybenzeneazo-B-naphthol, ORC NS: N-C,,H,°OH. 


Five grams of 3-chloro-p-phenetidine were dissolved in dilute 
hydrochloric acid, and diazotised in the usual manner. The 
diazotised solution was then poured into an alkaline solution of 
B-naphthol, when the azo-compound separated as dark red crystals. 
When recrystallised from acetic acid it forms brilliant red needles 
which melt at 140°: 

0°3391 gave 25°2 c.c. N, at 195° and 770 mm. N=8'63. 

071914 ,, 0°0841 AgCl Cl=10°88. 

C,gH,;0,N.Cl requires N=8°6; Cl=10°9 per cent. 


s-Di-2-chloro-4-ethoxy phenylcarbamide, 
OEt-C,H,Cl-NH-CO-NH-C,H,Cl-OEt. 


Fifteen grams of 3-chloro-p-phenetidine were mixed with 5 grams 
of ethyl acetoacetate, and heated rapidly to 200—210°, with 
constant shaking. After a few minutes, colourless crystals 
separated on the cooler portions of the containing vessel, and, on 
cooling, the whole mass solidified. The substance was purified by 
first removing coloured impurities by means of alcohol, and then 
recrystallising from xylene. It forms slender needles, which melt 
at 235° and boil at 287° under ordinary atmospheric pressure 
without decomposition. It is sparingly soluble in all organic 
solvents : 

01116 gave 0°2275 CO, and 0°0483 H,O. C=55°60; H=4°81. 

01131 ,, 8c.c. Ny at 28°5° and 767 mm. N=7°8. 

0°2364 ,, 01807 AgCl. Cl=18-93. 

C,;H,s0;N,Cl, requires C=55°3; H=4:9; N=7°6; C=19°2 per cent. 


s-Di-2-chloro-4-hydrozy phenylcarbamide, 
OH-C,H,Cl-NH-CO-NH-C,H,Cl-OH. 


s-Di-2-chloro-4-ethoxyphenylcarbamide was dissolved in xylene, 
and an equal weight of aluminium chloride added. A vigorous 
reaction set in on warming, and a crystalline solid slowly separated. 
When the reaction had ceased, the mixture was diluted with water, 
and the precipitated phenol separated by filtration. It was 
purified by dissolving in aqueous sodium hydroxide, extracting 
the solution with ether to remove soluble impurities, and then 
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precipitating the phenol by means of carbon dioxide. It crystal- 

lises from alcohol in microscopic needles, which melt at 251°: 
0°1710 gave 0°3150 CO, and 0°0492 H,O. C=50°23; H=3°20. 
0°2884 ,, 22°2 cc. N, at 19° and 765 mm. N=8°91. 


00991 ,, 0°:0904 AgCl. Cl=22°56. 
C,3H,yO;N.Cl, requires C=49°84; H=3'2; N=89; Cl=22°6 per 
cent. 


The diacetyl derivative is formed when the above phenol is 
boiled with acetic anhydride until a crystalline precipitate begins 
to separate. It crystallises from absolute alcohol in prisms, melt- 
ing at 227°: 

0°1227 gave 7°8 c.c. Nz at 20°5° and 760 mm. N=7°25. 

C,,H,,0;N.Cl, requires N=7'1 per cent. 

The structure of the substances described above was proved by 
their formation from the carbamide derivative, prepared by the 
direct condensation of carbamide with 3-chloro-pphenetidine. The 
mixed bases were heated at 170° until ammonia ceased to be 
evolved, when the mass, which solidified on cooling, was rubbed 
with dilute hydrochloric acid, and then with water, to remove 
excess of base and unchanged carbamide. When the residue was 
treated with alcohol, a colourless substance remained undissolved, 
which melted at 235°, and yielded the same phenol and acetyl 
derivative as those described above. The yield of the carbamide 
derivative by this method is, however, very small. 


s-Li-3-chloro-4-ethoxy phenylcarbamide, 
OEt’C,H,Cl-NH:CO-NH-C,H.Cl-OEt. 


This compound was formed by the action of ethyl acetoacetate 
on 2-chloro-p-phenetidine, a substance which was produced by the 
chlorination of p-nitrophenetole by potassium chlorate and hydro- 
chloric acid, and subsequent reduction. The condensation was 
carried out in the same way as with the isomeric chloro-derivative, 
only in this case the product does not solidify until it is treated 
with dilute hydrochloric acid. It crystallises from alcohol in 
slender needles, melting at 211°: 

0°0984 gave 6°5 c.c. N, at 15°5° and 762°5 mm. N=7°74. 

071300 ,, HCl=6°95 ec. V/10-AgNO, (Robertson’s method). 

Cl=19°0. 
C,,H,g0,N,Cl, requires N=7°6; Cl=19°2 per cent. 
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CV.—Metallo-compounds of Cobalt and Nickel. 


By Spencer UMFREVILLE PICKERING. 


Tus investigation was undertaken to ascertain whether metals of 
the iron group, which are so closely related to copper in many 
respects, form metallo-compounds analogous to the cupri-com- 
pounds. Cobalt and nickel are dealt with here. 

The characteristics of the cupri-compounds may be briefly sum- 
marised as (1) great solubility and colour-intensity ; (2) the pres- 
ence of the metal in the electronegative portion of the molecule, 
yielding a deeply coloured anion on electrolysis. As a conse- 
quence of (2) they do not give the ordinary reactions of copper, 
and, notably, alkali hydroxides do not precipitate copper hydr- 
oxide, but react to form soluble compounds precipitable by alcohol. 
The depth of colour of solutions of copper salts of organic acids, 
and the variation in the colour-intensity of them on dilution, are 
explicable by the salt being present, partly as normal salt, and 
partly as cupri-compound; both these forms were isolated in the 
case of the glycerate, citrate, malate, racemate and (probably) 
tartrate. Solutions of these cupri-compounds changed gradually 
or suddenly into the normal salts, which, being much less soluble, 
crystallised. The double carbonates and citrates formed corre- 
sponding cupri-compounds in solution, but these were not isolated. 


Electrolysis. 


Wood and Jones (Proc. Cambridge Phil. Soc., 1907, 14, 171) 
recognised the deeply coloured anions of copper and of cobalt on 
electrolysing solutions of the carbonates in potassium carbonate. 
That of cobalt has been found by the present author in solutions of 
the cobaltocitrate and cobaltomalate, the results being closely 
similar to those with copper and iron (T., 1913, 108, 1359). The 
results with nickel were less marked, as the zone of anion was not 
much darker than that of cation. The nickelocitrate and potassium 
nickelocitrate were examined. 


Colour. 


As with copper, the molecular colour-intensity of cobalt, for all 
except very concentrated solutions, is practically the same for all 
inorganic salts, and is unaltered by dilution; whereas with organic 
salts, the value is higher, is different in different cases, and 
diminishes on dilution. Thus, with the acetate, the intensity in 
a solution containing 0°6 per cent. of cobalt is 1°25 times that of 
cobalt as chloride, but falls to 1 at a strength of 0°002 per cent. : 
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with the citrate it is 1°62 at 0°08 per cent., and falls to 1°23 at 
0°005 per cent. The actual value for the colour-intensity of the 
pure cobalto-compounds is probably not very different from that of 
the cupri-compounds, which was about 20, since a solution of cobalt 
carbonate in malic acid (4 per cent. Co) immediately after its pre- 
paration, and while it is unstable owing to the large proportion of 
cobalto-compound present, gave a value of 25; this fell continuously 
on dilution until it reached 12 at a concentration of 0°008 per cent. 
These values are merely approximate, as the red of the cobalto- 
compounds, except in very weak solutions, is of a more purple hue 
than that of the inorganic salts. 

The results with nickel were similar to those of cobalt, but the 
ratio between the intensity of the nickeloccompounds and of 
the normal salts was only about 1°5 to 1, even at a maximum, as 
in the case of a strong, freshly prepared solution of the nickelo- 
citrate. 

Although with copper, cobalt and ferric iron, the metallo-com- 
pounds have a much greater colour-intensity than the corresponding 
normal salts, there are no reasons why this should necessarily be 
so in other cases. 


Double Carbonates and Citrates. 


Copper, cobalt and nickel all form crystalline carbonates of the 
type K,M”(CO3),,4H,0; these do not redissolve in the liquid from 
which they separate, and are decomposed by water into their com- 
ponent carbonates. In the mother liquors they are present as 
metallo-compounds, as the results of electrolysis obtained by Wood 
and Jones (see above) in the case of copper and cobalt prove. 
Numerous other complex metallo-carbonates have been obtained in 
the case of copper (T., 1911, 99, 800), chiefly by the action of 
potassium carbonate on copper acetate, but attempts to prepare 
similar compounds of cobalt and nickel have failed. 

The double citrates of the type K,M’Cit,, although not decom- 
posed into their components by water, evidently do not dissolve as 
such. Those of cobalt and nickel are precisely similar to that of 
copper (T., 1910, 98, 1841); when the normal citrate is added to a 
hot concentrated potassium citrate solution it dissolves until the 
proportions indicated by the above formula are reached, when very 
minute crystals make their appearance in large quantity, and these 
on filtration yield a putty-like mass of minute crystals (occasionally 
of larger glistening crystals), which are white, but on the addition 
of water become superficially blue, red or green, according to the 
metal present, dissolving slowly, but to an excessive extent, and 
forming dark solutions in which the metal is present in the anion. 
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The cobalt salt at 100° gave Co=9°87 and K=26°23 per cent. 
(Cale., Co=9°94 and 26°35 respectively): its solubility was 3°04 
grams of cobalt in 100 c.c. at 10°; that of the nickel salt was 
3°9 grams; the copper salt dissolved to an extent of 4°4 grams of 
copper. Analogues of the numerous, more complex citrates ob- 
tained in the case of copper (loc. cit.) have not been obtained with 
cobalt or nickel, but another potassium cobalt citrate will be men- 
tioned below (p. 951). 

By the action of potassium hydroxide on potassium cupricitrate 
an alkaline cupricitrate known as Luff’s salt is produced (T., 1910, 
98, 1843; 1911, 89, 179), which differs considerably from most 
other cupri-compounds. No corresponding compounds of cobalt and 
nickel have been obtained. Potassium hydroxide, when added to 
potassium cobaltocitrate solution, converts it into a dark blue jelly ; 
this disappears in half-an-hour, leaving a comparatively light red 
solution and a slight brown deposit. If the solutions are weak, a 
gelatinous precipitate, instead of a jelly, is formed; although this 
gradually settles in the liquid, it passes completely through a filter- 
paper. In the case of nickel a dark green jelly is formed, which, 
except for becoming somewhat opaque, is permanent. 


Interaction of the Acids and Carbonates. 


By the digestion of the carbonates with tartaric, racemic, malic 
or citric acid, the metallo-compound is first produced. In some 
cases (citrates) it is sufficiently stable to be obtainable by evaporat- 
ing the solution to dryness over steam; a glass or a brittle, scaly 
substance is thus obtained. In other cases it may be precipitated 
as an emulsion by alcohol, and, usually, this can be dried in small 
quantities by exposure to air, without the globules coalescing. It 
then forms a light-coloured powder. Both the dried emulsion and 
vitreous or scaly product are soluble in water to a large, and some- 
times indefinitely large, extent (although often only slowly), in 
which latter case solubility determinations are impossible. 

The metallo-compounds in either form generally appear to be 
permanently stable after drying, exceptions being the tartrates ; 
but in solution they change more or less rapidly into the corre- 
sponding normal salts, which, being nearly insoluble, are deposited 
in the crystalline form. In the case of nickel racemate the change 
is so rapid that the conversion is complete before the liquid can be 
filtered from the excess of carbonate, whilst in some other cases 
it is so slow that crystallisation does not begin until after one or 
two days, and is not complete until after many days. Probably in 
the case of most organic salts other than those examined the change 
into the normal salt would be so rapid that the formation of the 
metallo-compound would escape detection, for the acids selected for 
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the present investigation were chosen because they were conspicuous 
in yielding metallo-compounds in the case of copper. 

A metallo-compound should, according to the views as to its con- 
stitution previously explained (T., 1912, 101, 176, etc.), differ 
from the normal salt by the elements of water, and that this is 
so has been found in many cases; but it will not necessarily always 
be so, for the metallo-compound may iose the elements of water, 
and form an anhydride (T., 1911, 99, 1350; 1913, 108, 1355), 
whilst, on the other hand, the normal salt may obstinately 
retain water of crystallisation. With the cobalt and nickel com- 
pounds the point at which dehydration ceases and decomposition 
begins is not so easily determined as in the case of the copper 
compounds. 

In some cases basic metallo-compounds have been obtained, similar 
to those in the case of basic ferri-compounds (T., 1913, 108, 1361). 

The following are the details of the action in individual cases ; 
the tartrates and racemates being described more fully under the 
heading of products of double decomposition (p. 948). 

Tartrates—Both with cobalt and nickel carbonates the chief 
product of the action of tartaric acid is the normal salt, but some 
metal remains long enough in solution to be precipitated as an 
emulsion of the metallo-tartrate, which is quite soluble at first, 
but changes in the course of a few hours into the insoluble normal 
salt, and more rapidly so on heating. The solutions of the metallo- 
tartrates deposit crystals of the normal salts in a few hours. Scale 
preparations have not been obtained, the norma] salts being formed 
when evaporation is attempted. 

Racemates.—With racemic acid and cobalt carbonate only 
traces of the metal remain in solution, nearly the whole of it being 
converted into the normal racemate, which can be separated from 
the excess of carbonate by treatment with hot water, the pink 
solution thus obtained depositing carmine-red, rhombic plates 
(often much elongated) on cooling. When the liquid containing 
these crystals is boiled, the latter are suddenly converted into a 
mass of much smaller, irregular, light buff crystals. Further details 
as to these two forms of racemate will be given below (pp. 950, 953). 

With nickel the results are precisely similar to those with cobalt, 
except as to the formation of two crystalline forms. 

Malates—In malic acid, cobalt carbonate generally dissolves 
without the formation of crystals of the normal salt, and yields a 
deep red solution, from which alcohol precipitates an emulsion, 
drying to a light pink powder. It is readily soluble, and a solution 
of it begins to deposit crystals of the normal malate in half-an-hour, 
very little cobalt being left in solution after twenty-four hours. On 
evaporation, the cobaltomalate is converted into the normal salt. 
The normal salt has a solubility of 0°14 gram of cobalt in 
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100 c.c. at 10°. It retains 2H,O at 100°, and becomes anhydrous, 
with slight decomposition, at 150°. (Found, Co=31°34. Calc., 
Co= 30°87 per cent.) 

The cobaltomalate precipitated as an emulsion retains 5H,O at 
100°, and 4H,O at 140° (Found, Co=22°33. Cale., Co=22°59 per 
cent.). On prolonged digestion cobalt carbonate dissolves in malic 
acid solution to nearly double the extent required to form the 
above substances, and if a solution containing such excess is taken, 
or even if much alcohol is used in precipitating a solution contain- 
ing no such excess, the emulsion consists of a basic cobaltomalate, 
which dries to an amethyst-coloured powder. It is readily soluble, 
and consists of CoC,H,0,,CoO, with 5H,O after drying at 100°, and 
4H,O at 140°. A solution of it soon deposits an insoluble basic 
malate of similar composition. When evaporated, the solution 
yields scales of a beautiful, very dark violet colour. 

In the case of nickel, the action of the acid on the carbonate 
gives much crystallised normal malate, and also a solution from 
which alcohol precipitates an emulsion of the nickelomalate. The 
latter dissolves easily, but always with a very small, flocculent 
residue. The solution yields nothing but the normal malate on 
evaporation. 

The latter has a solubility of 0°02 gram of nickel in 100 c.c. at 
10°, and both at 100° and 135° it retains 3H,O (Found, Ni= 
24°35. Cale., Ni=23°97 per cent.). 

The nickelomalate retains H,O at 100°, and becomes anhydrous 
at 140° (Found, Ni=30°50. Cale., Ni=30°61 per cent.). 

A nickel hydrogen malate was also obtained, but was not 
examined. 

On evaporating a solution of the nickelomalate an insoluble, clear 
green jelly is sometimes obtained. A similar jelly seems to have 
been obtained by Fabian (Annalen, 1857, 103, 248) in the case of 
nickel tartrate. Traube (Zeitsch. Kryst. Min., 1899, 31, 160) 
obtained crystalline acid malates of both nickel and cobalt by 
adding the sulphates to acid strontium malate; by the action of 
alcohol on these acid malates he obtained a crystalline neutral 
malate of cobalt, and an uncrystallisable neutral malate of nickel. 

Citrates.—Cobalt carbonate dissolved in citric acid does not 
begin to deposit crystals of the normal citrate until after about 
forty-eight hours. These are very small, and contain 2H,O at 100°, 
becoming anhydrous at 150° (Found, Co=31°89. Calc., 31°88 per 
cent.). Their solubility is 0°08 gram of cobalt in 100 c.c. 

Alcohol, when added to the solution, precipitates a very good 
emulsion of the cobaltocitrate, which was found to retain 4H,O at 
100°, and 3H,O at 150°. It is readily soluble, even after being 
thus heated, and the solution of it after twenty-four hours begins 
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to deposit the normal salt. The scales obtained on evaporating a 
freshly prepared solution retained 2H,O at 100°, becoming anhy- 
drous at 150°. 

On prolonged digestion, about 20 per cent. more cobalt carbonate 
dissolves in citric acid than is required to form the normal salt, 
and the resulting liquid on precipitation with alcohol gives an 
emulsion containing 34°92 per cent. of cobalt after drying at 175°; 
this corresponds approximately with the basic compound, 
Co,Cit.,CoO, which requires Co=35°74 per cent. A solution of it 
on evaporation yields dark purple scales. 

With an excess of acid a crystalline cobalt hydrogen citrate, 
CoHCit, is obtained from the solution (Found, Co=23°55. Calc., 
Co= 23°68 per cent.), the solubility of which at 10° is 0°2 gram of 
cobalt in 100 c.c. A corresponding double salt with potassium has 
been obtained (see p. 951). 

In the case of nickel, a solution of the carbonate in the acid 
gives on precipitation with alcohol an emulsion, which at 100° is 
represented by Ni,Cit,, and decomposes slightly at 140°. A solution 
of it evaporated to dryness on a steam-bath gives a dark green, 
brittle, soluble residue: this (and also the corresponding cobalt 
compound) was obtained by Heldt (Annalen, 1843, 47, 157), 
who took it to be the normal salt. The latter, however, may be 
obtained by leaving a fairly concentrated solution of the nickelo- 
citrate at the ordinary temperature for a day or two; crystallisa- 
tion then begins, and proceeds throughout several weeks. The 
crystals constitute soft tufts of extremely minute needles. They 
consist of Ni,Cit,,2H,O at 100°, and become anhydrous at 140°. 
After being air-dried they dissolve very slowly, saturation requir- 
ing a week or more, and the solution then contains 0°28 gram of 
nickel in 100 c.c. Its colour-intensity is 1°41 times that of nickel 
aschloride. Thesolution thus obtained, when evaporated, yields only 
the soluble nickelocitrate. On one occasion such a solution during 
evaporation suddenly changed to the quasi-insoluble normal salt. 

On prolonged digestion with hot citric acid solution, nickel 
carbonate dissolves to a greater extent than that required to form 
the normal salt, and a deposit of a basic salt, or the corresponding 
nickelo-compound, forms at the edge of the liquid. Its composition 
has not been determined. 

Glycerates—The carbonates of nickel and cobalt dissolve in 
glyceric acid to give solutions from which alcohol precipitates 
emulsions. These cannot be dried without the coalescence of the 
globules. Solutions of them on evaporation leave glassy residues, 
which do not become quite dry below 120°. In both cases the 
solutions after about ten days deposit acicular crystals, presum- 
ably of the normal salt, but they were not further examined. 
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j 
Products of Double Decomposition. 


When a concentrated solution of a potassium salt of the acids 
in question is added to one of cobalt or nickel chloride in equiva- 
lent proportions, there is a two- or three-fold increase of colour- 
intensity with cobalt, and a smaller increase with nickel, and, 
eventually, a crystalline deposit of the cobalt or nickel salt is 
formed. The results with the tartrate and racemate show, how- 
ever, that this is only the final product of a series of changes. 

In their case there is formed immediately a bulky, dark precipi- 
tate, easily soluble on dilution or warming. This precipitate, as 
will be shown, consists of the metallo-compound, which is identical 
in composition with the normal salt obtained as the end-product. 
Certainly in the case of cobalt racemate, and probably in all the 
other cases, the initial precipitate is an emulsion. Shortly after its 
precipitation it becomes opaque, owing to the formation of a 
double salt, and the mixture is converted into a solid mass. After 
some hours or days, as the case may be, this liquefies again, and 
leaves only a compact, crystalline deposit of the normal salt, con- 
taminated to a greater or less extent with the double salt, whilst 
very little of the metal remains in solution. 

These changes may be followed under the microscope, and the 
instance best suited for such a purpose was found to be that of 
manganese tartrate. When drops of the two reagents are allowed 
to coalesce, minute globules are seen to form in the zone of contact ; 
soon, minute needles appear in the neighbourhood of, and in con- 
tact with, these; the crystals are the double tartrate. After a time, 
much larger, rhomboidal or lozenge-shaped crystals begin to grow 
in the liquid, and, as they grow, the needles in their vicinity 
re-dissolve. The new crystals consist of the normal tartrate, and 
often take fantastic shapes, such as sheaves of scimitar-shaped, or 
rounded, petal-shaped, crystals. At thesame time cubes of potassium 
chloride make their appearance. Later on, large, perfectly round 
disks are formed ; the edges of these darken, and gradually granu- 
late into a mass of minute lozenge-shaped crystals. Such disks 
appear to originate in the coalesence of globules of the emulsion, 
which then changes into the normal tartrate without the formation 
of any double tartrate. 

The rationale of these changes appears to be as follows: On 
mixing the reagents there will be present manganese chloride, 
potassium chloride, potassium tartrate and the manganotartrate, 
the last partly precipitated as an emulsion. The dissolved man- 
ganotartrate, in accordance with what has already been estab- 
lished, begins to change into the nearly insoluble normal tartrate, 
which will at first be in the presence of a considerable excess of 
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potassium tartrate, and will consequently unite with it to form the 
double salt (the needles) ; this salt, therefore, is not the primary, 
but the secondary, product of the decomposition of the mangano- 
tartrate. As the potassium tartrate is used up, manganese tartrate 
will crystallise, and, moreover, the double tartrate first formed will 
be gradually decomposed, for it is soluble, and must react with 
manganese chloride, still present, to form manganese tartrate, which 
is the least soluble of the products. 

Such an explanation will account for the results observed in 
every case so far, individual differences depending on variations in 
the solubility of the metallo-compound, and of the double salt. 
When the latter is very sparingly soluble (as in the case of cobalt 
racemate mentioned below) it will not dissociate into the normal 
salts, and a large proportion of it will be found in the final 
products of the reaction. When in such reactions an excess of the 
potassium salt is added, the double salt is the main or sole product, 
and seems to be formed directly without the appearance of any 
temporary precipitate of the metallo-compound. 

The details of the various cases are as follows: 

Tartrates.—The initial precipitate, which dissolves on dilution to 
a strength of 1°6 per cent. cobalt, is of a purple-red colour; the 
mixture soon becomes solid, and three or four days elapse before 
it liquefies. The crystalline deposit then consists of dense, very 
uniform, rounded crystals (probably hexagonal) of the normal 
tartrate. It is contaminated with a potassium cobaltous tartrate 
to the extent of 0°02K: Co, but, when prepared by boiling a more 
dilute solution, is free from potassium. It retains traces of water 
at 100°, but becomes anhydrous at 150°. The initial precipitate 
of cobaltotartrate had to be analysed in the moist condition, deter- 
mining by drying the amount of mother liquor retained by it, and 
determining, also, the composition of this liquor. It was thus 
found that the precipitate did not contain chlorine, and contained 
potassium to the extent of only 0°02K : Co, the same proportion 
as that found in the normal tartrate when prepared in the cold. 
The water of constitution present in it could not be determined, 
as the substance is converted into the normal tartrate by drying. 

An excess of potassium tartrate when added to a cobaltous salt 
yields a precipitate consisting of small, pink, square plates of the 
double salt, CoK,T,, the ratio found being 1°99K : Co, although 
usually a lower ratio is found (about 16K : Co) owing to con- 
tamination with cobalt tartrate. It is fairly readily soluble in 
water, but boiling water decomposes it into its component tar- 
trates. It retains 4H,O at 100°, becoming anhydrous at 150°. 

With a nickel salt, potassium tartrate gives initially a gelatin- 
ous, readily soluble precipitate, which rapidly changes to the nearly 
VOL. CVIL. 3R 
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insoluble, crystalline, normal tartrate, much contaminated with the 
double salt (already known), from which, however, it can be freed 
by protracted washing. The latter is the sole product when an 
excess of potassium tartrate is used, and sometimes, even, when 
there is no such excess. 

Racemates.—With potassium racemate and cobalt chloride the 
cobaltoracemate precipitated is evidently an emulsion; it is of a 
full red colour, and redissolves when the liquid is diluted to a 
concentration below 3°5 per cent. of cobalt. The undiluted mix- 
ture soon becomes semi-solid; in from one to twenty-four hours, 
however, it liquefies, producing a compact, crystalline deposit 
of the normal racemate, which is of a very pale buff, or salmon- 
pink, colour, with a slightly yellow supernatant liquid. 
Above the buff crystals there is generally a thin layer of 
white crystals, consisting of minute tables; this is the double 
racemate, and, unlike the corresponding tartrate, it is insoluble. 
Consequently, cobalt racemate has not been obtained (by this 
method) free from potassium, nor has the double salt been obtained 
free from cobalt racemate. Four preparations of the former gave 
the values Nos. 1—4 below, and two preparations of the latter 
gave Nos. 5 and 6. These values indicated that both salts after 
drying at 150° retained 2H,O (as had already been proved as 
regards the single racemate when prepared by other means; see 
pp. 945, 953), and, correcting on this basis for the one or other im- 
purity present, the percentages of cobalt given in the last two 
‘columns are obtained, the means of which agree well with the 
24°26 required by CoRac,2H,O, and the 16°66 required by 
CoK,Rac,,2H,0. 

Analyses of two samples of the initial precipitate of cobalto- 
racemate, made in the moist condition, showed that it contained no 
chloride, and in one case (where a deficit of potassium tartrate was 
added) no potassium ; in the other case some potassium was present 
(as the double racemate), but not in larger proportion than in 
some of the preparations of the cobalt racemate: 


Percentage. Ratio. Co as K as 
Co. K. Co: K. CoR”. CoK,R,.”. 
1, 21-79 2-21 1 : 0-154 23-21 _— 
2. 19-44 6-89 1 : 0-540 24-28 16-70 
3. 23-62 1-04 1 : 0-066 24-36 — 
4, 23-44 1-49 1 : 0-096 24-51 —_— 
BOER ees sntnsnavscsiccacceee 24-09 
5. 14-44 13-11 1: 1-09 _ 16-24 
6. 13-46 14-69 1: 1-65 _ 17-01 
IE scxercettinninsens snipatheswneseniiteg mien 16-65 
. 22-41 36 1: 1-28 25-21 —_— 


4. 
. 34:18 0-00 _ 24-18 _ 
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The solubility of the normal racemate is less than 0°01 gram 
in 100 c.c.; at first it appears to dissolve to two to three times 
this extent, and the solution is just visibly pink; but after long 
digestion with much water, the solubility falls to 0°01 gram, and 
the solution is quite colourless. This behaviour will be reverted 
to below (p. 953). 

On one occasion the racemate was deposited in the red form, 
similar to that obtained by the action of racemic acid on the 
carbonate (p. 945), but after being left in the liquid for another 
four or five days, it changed into the buff form. 

From a nickel salt, potassium racemate throws down at first the 
nickeloracemate as a bulky precipitate, which eventually changes 
into rhomboidal plates of the normal racemate, often elongated so 
as to look like needles, the solubility of which is 0°013 gram of 
nickel in 100 c.c. at 10°. The nickeloracemate redissolves when 
the liquid is diluted so as to contain 0°3 per cent. of nickel. 

Malates.—Both with cobalt and nickel salts, the metallo-com- 
pound is too soluble to be precipitated on the addition of potassium 
malate, but after: twenty-four hours the normal malate, or if an 
excess of the potassium salt has been added, the double malate, 
crystallises, leaving but little of the metal in solution. 

Citrates—The reaction with potassium citrate is similar to that 
with potassium malate, except that, in the case of nickel, a small 
amount of gelatinous precipitate, which redissolves almost at once, 
is formed in the first instance. The crystallisation of the normal 
salt does not begin until after about forty-eight hours, and, with an 
excess of potassium citrate, two double salts may be obtained, 
M"KCit and M’K,Cit,. The latter of these is the white salt pre- 
viously mentioned (p. 943); the former is, in the case of cobalt, 
of a full red colour, and may be obtained in large crystals consist- 
ing of flat plates: on analysis it gave, after drying at 100°, 
Co= 20°32; K=13°20; Cale., Co=20°54; K=13°62 per cent. It 
contains 4H,O, which it loses very slowly at 100°, leaving an 
anhydrous salt of a fine purple colour. Its solubility at 10° is 
1°05 grams of Co in 100 c.c., and the colour intensity of the cobalt 
in it is 1°8. 


Substances Produced by the Action of Alkali Hydrozides. 


Copper tartrate neutralised potassium hydroxide in the propor- 
tion of 3Cu: 4K, producing potassium tartrate and a substance 
containing the metals in the proportion of 3Cu: 2K, which could 
be precipitated by the addition of alcohol (T., 1911, 99, 169). A 
similar substance has been obtained in the case of cobalt, but the 
primary action must be of a different character, as the proportions 
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required for neutralisation were found to be exactly 1Co : 1K. 
This was determined by mixing cobalt chloride with an excess of 
potassium tartrate—about four equivalents of the latter are neces- 
sary to prevent a basic tartrate from being precipitated-—and titrat- 
ing with potassium hydroxide, using phenolphthalein as indicator. 
With litmus an alkaline reaction occurs on the first addition of 
the alkali. 

When a 25 per cent. solution of potassium hydroxide was digested 
with cobalt tartrate until saturated, and alcohol added to the 
resulting liquid, an emulsion was precipitated, which, after being 
redissolved and reprecipitated twice, gave, on drying at 100°, a 
dark, brittle solid, containing Co=29°17 and K=13°00 per cent., 
or 3Co: 2°02K. This corresponds with a minimum molecular 
weight of 604°1, against 599°2 required by a formula analogous to 
that suggested for the copper compound (loc. cit., pp. 170, 179), 
which represents two atoms of the metal as being in the form of 
(M”-OH) displacing hydrogen in the alcoholic hydroxyl group. The 
presence of the metal in some such condition is probable, as these 
compounds differ materially in their physical properties from the 
other metallo-compounds already described. 

If, in preparing it, the dissolution and precip:tation is repeated 
too often, some decomposition commences. When boiled with water 
considerable decomposition occurs, and the liquid, on cooling, sets 
to an opaque jelly. A similar jelly was obtained with the products 
from copper mucate, saccharate and quinate, whilst that from 
copper tartrate gave on hydration a solid jelly or glass (loc. cit.). 

When an alkaline, instead of a neutral, solution of cobalt tar- 
trate in potassium hydroxide is precipitated by alcohol, an emulsion 
is obtained, containing, after drying at 100°, Co= 26°47; K=16°87 
per cent., or Co: K=1:0°98. This is analogous to the alkaline 
cupricitrates and cupriracemates, of which four representatives 
were obtained as emulsions under similar conditions (T., 1912, 101, 
1616). The empirical formula given for them was 

R,"CuK,,R”Cu,2Cu0,2KOH ; 

a similar cobalt compound would have a molecular weight of 
902°4, and that deduced from the above analytical values is 906°8. 
The simplest formula for an alkaline cobaltotartrate with the ratio 
Co: K=1:1 is that of a compound derived from the neutral 
cobaltotartrate by substituting OK for OH; but this is inadmiss- 
able, as it requires a molecular weight of 263°1, which is not a 
submultiple of 907. 

In the case of copper, representatives of nine other classes of 
alkaline cupritartrates were obtained, all of them crystalline, but 
attempts to prepare analogous cobalto-compounds have failed. 
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Potassium hydroxide solution saturated with cobalt racemate 
gave on precipitation with alcohol an imperfect emulsion which 
could not be manipulated satisfactorily. It contains Co: K= 
1:0°85, and is, therefore, probably a mixture of the analogues of 
the two definite cobaltotartrates just mentioned. When an excess 
of potassium hydroxide was present, alcohol precipitated a gummy 
mass, which could not be dealt with. 

Nickel tartrate, like the cobalt salt, dissolves in potassium hydr- 
oxide solution, but on the addition of alcohol a dense, dark green 
liquid, instead of an emulsion, separates. This contained nickel 
and potassium in the molecular proportion of 1:2°42 (the propor- 
tion in the original solution having been 1:2°76); on removing the 
alcohol, diluting the green liquid with water, and adding fresh 
alcohol, the liquid separating showed the same proportion, namely, 
1:2°41, so that it probably contained some definite compound. On 
another repetition of the operation the green liquid no longer 
formed a clear solution on dilution, and the proportion of nickel 
and potassium had fallen to 1:2°25. On a further repetition of 
the operations the liquid was nearly entirely decomposed by water, 
giving a pale green precipitate containing Ni: K=1: 1°28. Al- 
though insoluble in cold water, it seemed to dissolve on boiling, 
but the liquid when cooled set to a clear, green jelly. This was 
placed in a dialyser for three weeks, at the end of which, nickel 
was still passing through the diaphragm, but the jelly persisted, 
and contained only a trace of potassium. It must, therefore, be a 
form of nickel tartrate, similar to that obtained in the case of the 
malate (p. 951). The jelly contained about 0°25 per cent. of 
nickel. 


Metameric Racemates. 


The red crystals of cobalt racemate obtained by the action of 
the acid on cobalt carbonate (p. 945), and the pale buff crystals 
which form the usual product of interaction of potassium racemate 
and a cobalt salt (p. 950), and into which the red salt can be 
changed by heating, differ in other respects besides that of colour 
and crystalline form. The red compound has a solubility of 
0°027 gram of cobalt in 100 c.c. at 10°, and the buff compound 
one of not more than 0°01 gram, whilst it is probable that part 
of this solubility, as well as the pink tinge often noticed in the 
solid and in the solution of it, is due to the presence of some of the 
red compound (p. 951). 

The state of hydration of these two racemates is different: 
Buff: 3H,O at 10°, 2H,O at 100—150°, anhydrous at 190°. 
Red: 1H,O at 10—100°, anhydrous at 140°. 
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The nickel racemate, however obtained, is similar to, and isomor- 
phous with, the red cobalt racemate, and all attempts to change it 
into an analogue of the buff cobalt salt failed. 

Racemates must contain two tartaric nuclei, since they can be 
resolved into d- and /tartrates. These nuclei must be united in 
some undefined manner, which may be thus indicated : 

R’Na,+K,R” or R’NaK+KNaR’, 

both of which metamerides probably exist in the case of the 
racemates of mixed’alkali metals, for sometimes such mixed race 
mates can be resolved into the two tartrates, and sometimes not. 
No such metamerism is possible with racemates of a bivalent metal, 
but another form of metameride may exist; in one case the nuclei 
may be united as in the case of those of univalent metals, and in 
the other they may be united by the metallic atoms themselves, 

R 


n°Co* py 
“Cur® ‘ 

This would account for the two forms of cobalt racemate, the 
last-mentioned formula probably applying to the more stable buff 


salt. 
Summary. 


Both cobalt and nickel form compounds closely analogous to the 
cupri-compounds, which are characterised by great depth of colour 
and solubility, and by containing the metal in the anion, as is 
proved by electrolysis. In all these cases double carbonates and 
citrates, as well as the single tartrates, racemates, malates, citrates, 
and glycerates, exist in solution as metallo-compounds, from which 
the solid metallocompound can (in most cases) be precipitated by 
alcohol. In solution, these metallo-compounds gradually change 
into the corresponding less soluble normal salts, which then 
crystallise. 

Organic salts of all three metals dissolve in alkali hydroxides, 
and yield compounds of which the two which have been isolated 
in the case of cobalt are similar to two isolated in that of copper. 

The colour-intensity of solutions of inorganic salts of the three 
metals is not affected (except in the case of very concentrated 
solutions of cobalt) by dilution, but that of the organic salts 
decreases on dilution. 

Several cases occur, with all three metals, of compounds existing 
in the form of jellies; and, apparently, in the case of nickel the 
normal salts can exist in this state. 

Two metameric forms of normal cobalt racemate have been 
obtained. 


HARVENDEN, [ Received, January 27th, 1915.] 
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CVJ.—Metallo-compounds in Solution. 
By Spencer UMFREVILLE PICKERING. 


Tue great colour-intensity of solutions of copper salts of organic 
acids, and the variations in the intensity with the concentration 
of the solution, were explained by the co-existence in solution of 
two forms of the compound, the normal salt with low colour 
intensity, and a cupri-compound with a colour-intensity about 
twenty times greater (T., 1912, 101, 1631). This explanation 
applies to the similar case of cobalt. 

The observations recorded in the foregoing communication have 
resulted in establishing that by merely evaporating the water from 
such solutions, either the normal salt or its metallo-representative 
may be obtained, and sometimes both of these together. The 
metallo-compounds, hitherto obtained as emulsions by precipitation 
with alcohol, are often soluble to an indefinitely great extent, 
and solutions of them, when evaporated, pass by insensible grada- 
tions from the liquid to the solid condition. When solid, they 
form either a clear glass, adhering strongly to the containing 
vessel, or else a glass that does not adhere in this way, but becomes 
broken up by a series of roughly parallel fissures, which split the 
mass up into scales. In either case, the product is excessively 
soluble in water, but sometimes, when in the scale form, 
dissolution occurs very slowly, the scales gradually absorbing 
water, becoming viscous, and eventually passing into solution. 
The scaly products obtained from the evaporation of the citrates 
and glycerates of cobalt and nickel, and the malate of cobalt, have 
been mentioned in the foregoing communication; the so-called 
ferric salts of organic acids which are on the market are also scale 
preparations, and are, as the author has shown (T., 1913, 108, 
1358), ferri-compounds (except in the case of the oxalate), with the 
iron in the electronegative portion of the molecule. 

The double citrate of copper and potassium affords a good 
instance where the normal salt and metallo-compound are obtained 
at the same time on evaporation. It was pointed out originally 
that this salt must exist in solution as a cupri-compound (T., 1910, 
98, 1841), which view was subsequently proved by the results of 
electrolysis; and the colour-intensity (18°9) indicates that more 
than 90 per cent. of the compound is present in this form. The 
residue obtained on evaporation is found to consist mainly of a 
clear, blue glass, but in it there are always two or three rosettes 
of white crystals. The glass may be broken away from these, or 
the white crystals may be separated from the glass by dissolving 
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the latter in water, in which it is very readily soluble; but a 
solution either of the glass or of the crystals, separated in such 
manner, on re-evaporation, yields a residue of both forms, just as 
did the original solution. When this mixed residue is kept in dry 
air, it appears to be permanently stable, but if exposed to ordinary 
moist air, the glass deliquesces, and in about forty-eight hours the 
whole of it is converted into the crystalline normal salt, which 
then becomes dry. This change may be brought about more 
rapidly by adding water sufficient to dissolve the glass, evaporating, 
and repeating these operations once or twice. Several other sub- 
stances habitually yield similar mixed residues (see below), and 
in all these cases, as well as in most of those where the metallo- 
compound is alone obtained in the first instance, the residue can 
be converted entirely into the normal salt by repeated moistening 
and evaporation. 

Although a solution may contain both normal salt and metallo- 
compound, it does not follow that both of these will be obtained 
on evaporation. As the water is removed, the normal salt will 
tend to crystallise, but there will also be a tendency for it to pass 
into the metallo-condition, for, as the colour determinations show, 
the proportion of the latter present in stable solutions increases 
with the concentration of the solution. There should, however, 
on the whole, be a tendency for the normal salt or metallo-com- 
pound to separate from such solutions as are richest in either of 
these substances, respectively ; and this is the case. The following 
list shows the nature of the residue obtained in various cases, side 
by side with the colour intensity of the copper in the solutions. 
The values for the latter are taken from T., 1912, 101, 1628, and 
refer, of course, to ordinary atmospheric temperatures; those for 
very dilute solutions (0°01 per cent. of copper) have had to be 
selected so that they should be all comparable with each other, for 
many of the salts are only sparingly soluble. The numbers entered 
after the names of the cupri-compounds refer to the column in the 
table in the communication in question in which the colour value is 
recorded. Several other salts and cupri-compounds were examined, 
but they decomposed during the evaporation ; this was partly the 
case, also, with copper citrate, the crystals obtained being those 
of the basic compound previously described (T., 1913, 103, 1356). 


Colour- 
Compound. intensity. Residue obtained. 
Potassium cuprimucate (8) ......... 24(?) Scales. 
oe cuprimalate (5) ......... 20-9 Seales and glass 
ial cupritartrate (2)............ 19-1 ” = 
- cupricitrate (1) ......... 18-9 Scales and crystals 
- cupricitrate (3) ......... 18-7 Scales 


Sodium cupritartrate (10)............ 14°7 o» 
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Colour- ; 
Compound. intensity. Residue obtained. 

Sulphato-cuprimalate ...............0+. 85 Scales 
Copper quinate — ........cceeeeeeeeeeeees ? » 

o glycerate .........cccccccescceees 7.1 Seales and crystals 

ion ET sidcicdssamnaseakiansenan’ 6-7 * - 

= PRERAIASC sco cccccsccccceses 6-1 Crystals 

i I, ssi dacavdussinearniiaaletl 5-7 on 

sa ici en cninneie lembebiae 5-5 Scales and crystals 

= GR occcicccicssnceseddcenns 4-2 Crystals 

oi DOIG in ccnncncvcccsssaesaness 3°5 op 

»  thylsuccinate— ............+.- 3-4 om 

ce NEE cxcuvssivtanapecedesossen 3-3 - 

ae Rerrrrrrere rrr rrr 2-3 9 

99 BID, 6 ctcdcusdssiecuniuanmennes 2-2 ” 

a SOR  sicucnsscccssioncoetones 2-2 % 

in QUE Ss avdiicicniscdcckarencarvicess 1-6 % 


It is evident from the above that, with a few irregularities, 
scales or glass are obtained from those compounds which, accord- 
ing to the colour-intensity, are rich in the cupri-compound, and 
crystals from those which are rich in the normal salt. The colour- 
intensity of copper quinate is high, but as it is green in hue, no 
comparative value for it could be obtained. 

Amongst the cobalt and nickel compounds investigated, scaly 
residues were obtained in the case of cobalt citrate and glycerate, 
of cobalt monopotassium citrate, and of nickel citrate, malate and 
glycerate, all of which, except the glycerates, were convertible into 
the crystalline normal salts by repeated dissolution and evapora- 
tion. Crystals only were obtained with cobalt tartrate and malate, 
and with the tetrapotassium citrates of cobalt and nickel. The 
results with these two double citrates are interesting in comparison 
with that obtained with the corresponding copper compound; in 
that case, the colour-intensity (18°9) indicated that most of the 
metal was present as cupri-compound, and accordingly it yields 
chiefly a glass, whereas with the cobalt compound the colour 
intensity was only 2°3, indicating a large proportion of normal salt 
in solution, and such normal salt constitutes the sole product on 
evaporation. 

The production of a glass or scales on evaporation is, of course, 
only evidence of the great solubility and non-crystallisability of 
the substance; indirectly, however, it is evidence that this sub- 
stance is not a normal salt, for such salts are crystallisable, and 
sparingly soluble. 

The change of the metallocompound into the normal salt is 
reversible, as is shown by facts such as that the normal citrates, 
ete., of cobalt and nickel dissolve to form solutions which yield 
only the metallo-compound on evaporation or treatment with 
alcohol. Both changes appear to occur somewhat slowly, especially 
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with concentrated solutions, and when a change from liquid to 
solid is involved. Thus, a concentrated solution of nickel citrate, 
however prepared, generally does not begin to deposit any crystals 
for about two days; the deposition then proceeds slowly for several 
days longer, but is not complete until after several weeks. In the 
same way, the normal salt, although very finely divided, does not 
dissolve to saturation in water in less than eight or ten days. 
Concentrated solutions of cobalt citrate often remain without 
changing for many weeks, and it appears that the presence of 
excess of metal in them (as a basic compound) conduces to this 
immobility, for in such cases the addition of acid brings about 
crystallisation. The addition of crystals of the normal salt, how- 
ever, does not do so, as it does with supersaturated solutions. 
Copper and cobalt compounds have been examined to see if any 
lag in the change of the metallocompound into normal salt, while 
both are dissolved, could be detected, either by any gradual chang: 
in colour-intensity when a concentrated solution is diluted, or by 
comparing the colour-intensity of solutions of the same strength 
when these are made by diluting a concentrated solution, or by 
concentrating a dilute one. No definite results were obtained, but, 
owing to the great depth of colour of concentrated solutions, only 
comparatively dilute solutions could be used. 

The precipitation of the metallo-compound as an emulsion by 
the addition of alcohol to an aqueous solution is akin to the pre 
cipitation of emulsions of various substances by adding water to 
alcoholic solutions of them; the formation of emulsions by mixing 
two aqueous salt solutions (p. 948) is, however, a novel observa- 
tion. A still more remarkable method of precipitating emulsions 
has been observed in two cases of metallo-citrates, although not any 
of those yet described ; in one of these, a concentrated solution of 
the compound when raised to the boiling point precipitated the 
metallo-compound as an emulsion, which redissolved the instant 
active ebullition ceased, but, on continuing the boiling for a few 
seconds, the globules of the emulsion coalesced, and formed drops 
of oily liquid at the bottom of the solution. In the other case, the 
globules did not coalesce, but redissolved sufficiently slowly to allow 
of their removal and examination under the microscope. 

In some cases, the emulsion of the metallo-eompound precipitated 
on mixing solutions of the reagents producing it has only a transi- 
tory existence (the nickelicitrate, p. 951, the cupritartrate, T., 
1912, 101, 1624, and, in a minor degree, the cupriracemate), but 
when once it is obtained and dried, it is generally permanently 
stable, some of these having been kept for two years without 
undergoing any change. Others, however, change more or less 
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rapidly into the normal salt, especially when heated, the tartrates 
being conspicuous in this respect. The vitreous or scale prepara- 
tions of the metallocompounds resemble the dried emulsions as 


regards stability. 
HARPENDEN. [ Received, April lst, 1915.] 


CVII.—Syntheses of Benzo-y-pyrones and Flavones. 
Part I[1. 


By Serce Jacopson and BRoJENDRANATH GHOSH. 


In the first part of this series (this vol., p. 424), it was shown 
that when one of the hydrogen atoms in ethyl acetoacetate is sub- 
stituted by a complex group, such as benzyl, the condensation of 
the ester with phenols yields substituted benzo-y-pyrones instead 
of coumarins, as was previously observed with the unsubstituted 
ester. It was deemed to be of interest to apply this reaction to 
substituted benzoylacetic ester, as in this case, if the influence of 
substitution holds, substituted flavones might be formed. In this 
paper, the condensation of ethyl 8-benzoyl-a-phenylpropionate 
with various phenols is described. It has been found that the 
reaction takes the expected course, which may be represented as 
follows: 


0 
(a , Se SY 
CO,Et-C-C,H, eo 
Yr SS is 


the product being a substituted flavone. 

In this case, also, as in the previous one, the influence of sub- 
stitution in various positions has been studied. With 
m-dihydroxyphenols, the condensation takes place readily. One 
point of interest concerning these condensations is that when the 
position 5 is substituted, the condensation is very sluggish, and in 
some cases it does not take place with the usual condensing agent. 
This retarding influence is all the more marked in this case, since 
benzoylacetic ester is much less reactive than acetoacetic ester, and 
when the position 5 is occupied by a methyl group, as in orcinol, 
the yield of the product is much less than when it is occupied by 
a hydroxyl group, as in phloroglucinol. This kind of hindrance 
has also been observed by Kostanecki and Weber (Ber., 1893, 26, 
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2906) in the condensation of benzoylacetic ester with pyrogallol, 
phloroglucinol, and orcinol. 

Four condensing agents were employed in these experiments, 
namely, concentrated sulphuric acid, hydrogen chloride, anhydrous 
zinc chloride, and stannic chloride. With sulphuric acid, 
resorcinol, pyrogallol, and a-naphthol yield the corresponding 
flavones in the form of their sulphates, from which the flavones 
were isolated by the addition of alkali, and, if necessary, precipita- 
tion by means of a current of carbon dioxide. The yields 
furnished by this process were not satisfactory, and we therefore 
attempted to effect the condensations by passing a current of dry 
hydrogen chloride through a solution of the components in glacial 
acetic acid. This process is the same as applied by Biilow (Biilow 
and Wagner, Ber., 1901, 34, 1189; Biilow, ‘bid., 1903, 36, 190; 
Biilow and Deiglmeyer, ibid., 1904, 37, 1791) and by Collie and 
White (this vol., p. 369) in the condensations of acetyl- or benzoyl- 
acetone with various m-dihydroxyphenols. In this way, it was 
found possible to condense the ester with resorcinol and _ pyro- 
gallol, but orcinol and phloroglucinol did not react. The con- 
densation of the two latter substances was effected by heating 
with anhydrous zine chloride in glacial acetic acid. Phloroglucinol 
gave an almost quantitative yield of the flavone, but with orcinol 
the yield was very poor. Stannic chloride was used in the con- 
densation of a-naphthol with the ester, but the yield was not satis- 
factory, and it was not applied in other cases. 

The constitution was proved in the case of 7-hydroxy-3-benzyl- 
flavone by decomposing the compound with alkali and separating 
the products in the usual way. The decomposition may be repre- 
sented as follows: 


oH/ \A No-o,H, OH/ OH , 00-0,11, 
VA oct \ re H,C-C,H, 
G | 
Y 
AN 
OHM OH , oo, 


The products actually separated were benzylacetophenone, some 
B-resorcylic acid, and a small quantity of resorcinol, which was 
evidently formed by the decomposition of 8-resorcylic acid in the 


presence of alkali. 
It may be of interest to note here that condensation of 


ay-diphenylacetoacetic ester with phencls was attempted with the 
view of synthesising flavones isomeric with those now described. 
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It was expected that the condensation would result in the forma- 
tion of 3-phenyl-2-benzylbenzo-y-pyrone, thus: 


0 
(Nou OH-C-CH, _, ( Y \O-C,H, 
a CO,Et-CPh a JN or 


Unfortunately, however, using concentrated sulphuric acid as 
the condensing agent, the interaction did not proceed in the 
manner indicated, but instead furnished, by loss of a molecular 
proportion of alcohol, 1: 3-dihydroxy-2-phenylnaphthalene. This 
observation confirms that made by Volhard (Annalen, 1897, 
296, 16). 


EXPERIMENTAL. 
Preparation of Ethyl B-Benzoyl-a-phenyl propionate. 


The ester was prepared in almost the same way as by Perkin 
(T., 1891, 59, 1007) from benzyl chloride and sodium benzoyl- 
acetic ester in alcoholic medium. The mixture of the constituents 
was allowed to remain at the ordinary temperature for two hours, 
with occasional shaking, and then heated on a water-bath under 
a reflux condenser for three hours. The product was fractionated 
under 12 mm. pressure, and the fraction boiling at 210—230° was 
redistilled, when nearly the whole passed over at 218—220° 
(Perkin gives 265—270°/80 mm.). 


7-H ydrovy-2-phenyl-3-benzylbenzo-y-pyrone (7-Hydrozry-3- 
benzylflavone), 


O 
on /\c-0,H,. 
Vern 
CO 


A mixture of 10 grams of ethyl §-benzoyl-a-phenylpropionate 
and 6 grams of resorcinol was dissolved in 3—4 c.c.. of glacial 
acetic acid, and the solution was cooled and a current of dry 
hydrogen chloride passed through it. After fifteen minutes, the 
yellow solution became dark red and viscous. The current of gas 
was continued for another hour, and the mixture was kept at the 
ordinary temperature for forty-eight hours. The liquid was then 
stirred until the precipitation of the crystalline product was com- 
plete. This was collected, and washed with a little ether, when 
the product was obtained as an orange-yellow, crystalline solid. 
It was dissolved in a little alcohol, and shaken with an aqueous 
solution of sodium acetate, when the free base separated as a 
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yellow precipitate. The latter was collected and carefully washed 
with water, and crystallised from alcohol. The yield of the pure 
product was about 50 per cent. of the theoretical. With concen- 
trated sulphuric acid as condensing agent, the yield is very poor: 

0°1280 gave 0°3774 CO, and 0°0573 H,O. C=80°41; H=4°97. 

Cy)H,yO; requires C=80°49; H=4°88 per cent. 

7-Hydroxy-3-benzylflavone forms colourless, glistening leaflets, 
which melt at 186°; it dissolves in alcohol or acetic acid, but. is 
insoluble in water or light petroleum. In aqueous sodium 
hydroxide, it dissolves with a yellow colour, and is precipitated 
unchanged from this solution by carbon dioxide. It dissolves in 
sulphuric acid with a faint yellow colour, and develops a very 
intense bluish-violet fluorescence. 

The acetyl derivative, prepared by boiling the substance with 
acetic anhydride and fused sodium acetate, crystallises from dilute 
alcohol in colourless needJes, which melt at 134°, and show the 
same fluorescence in concentrated sulphuric acid as the parent 
compound : 

0°1280 gave 0°3651 CO, and 0°0566 H,O. C=77°79; H=-4°91. 

C,,H,,0, requires C=77°83 ; H=4°86 per cent. 


Interaction of 7-Hydroxy-3-benzylflavone and Alkali Hydrowride. 


In order to prove the constitution of the substance, 3 grams 
were boiled with a solution of 18 grams of potassium hydroxide in 
35 c.c. of water for three hours. When the clear, yellow solution 
was allowed to cool, a crystalline precipitate separated. This was 
removed by extraction with ether, and when the solvent was 
evaporated, a crystalline residue was obtained, which, after re- 
crystallisation from alcohol, formed needles, melting at 72° 
(benzylacetophenone melts at 70°, Perkin, Joc. cit.; at 72—73°, 
Claisen and Feyerband, Ber., 1905, 38, 698). The identification 
of this substance was confirmed by the preparation of the 
characteristic semicarbazone, which was prepared by treating an 
alcoholic solution of the ketone with an excess of a dilute alcoholic 
solution of semicarbazide hydrochloride and sodium acetate. It 
crystallises from absolute alcohol in colourless needles, melting at 
143°: 

0°1138 gave 16°1 c.c. N, at 18° and 752 mm. N=15°71. 

C,,H,,ON; requires N=15°73 per cent. 

The alkaline solution from which the ketone had been removed 
was acidified with hydrochloric acid, and the precipitate which 
separated was collected, the filtrate being extracted with ether. 
The dried ethereal solution on evaporation yielded a partly 
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crystalline residue, which, when crystallised from hot water, was 
identified as resorcinol by its melting point and by its character- 
istic reaction with ferric chloride. 

The precipitate obtained after acidifying the alkaline solution 
was dissolved in aqueous sodium hydroxide, and a current of 
carbon dioxide was conducted through the solution in order to 
liberate a small quantity of the flavone which had escaped the 
action of the alkali hydroxide. The solution was then acidified 
with dilute sulphuric acid and extracted with ether. The residue 
obtained after evaporating the solvent was treated with ammonia, 
in which a liquid impurity accompanying the residue was insoluble. 
The ammoniacal solution was acidified, and the precipitate which 
separated was collected and recrystallised from hot water. The 
product formed colourless prisms, which, after drying at 120°, 
melted at 203°; the melting point of anhydrous £-resorcyclic acid 
is 204—206° (Ber., 1885, 18, 1985). 


7: 8-Dihydroxy-2-phenyl-3-benzylbenzo-y-pyrone (7: 8-Dihydroxy- 
3-benzylflavone), 
OH O 
on” \W No-C,H, - 


\ 40 Cr 
CO 


This was prepared in the same way as the resorcinol derivative 
from 5 grams of pyrogallol, 8 grams of ethyl B-benzoyl-a-pheny]l- 
propionate, and 5 c.c. of glacial acetic acid. After passing dry 
hydrogen chloride for about half an hour, the solution became 
dark red, and, after about an hour, the mixture had almost 
solidified. This crystalline product was collected after twenty-four 
hours, and it was treated in the same way as described in the 
foreging paragraph. If more acetic acid than the amount men- 
tioned is used, the complete separation of the product is consider- 
ably retarded. When crystallised from dilute alcohol, the sub- 
stance separated in colourless leaflets, melting at 136—-137°. In 
concentrated sulphuric acid it dissolves with a yellow colour, and 
develops a green fluorescence. It reduces ammoniacal silver 
nitrate solution. In alcoholic solution it gives a dark green colour 
with ferric chloride. It gives a reddish-brown sodium salt, 
which on acidification yields the original substance. In dilute 
alcoholic solution it gives a greenish-violet fluorescence. The yield 
of the flavone, prepared by the use of sulphuric acid, was very 
poor : . 
0°1198 gave 0°3200 CO, and 0°0555 H,O. C=72°68; H=5"15. 

C2H.0,,H,O requires C=72°92; H=4°97 per cent. 
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The acetyl derivative, prepared in the usual manner, crystallises 
from alcohol in colourless needles, melting at 175°: 

0°1072 gave 0°2752 CO, and 0°0466 H,O. C=71°32; H=4°83. 

CygH.,0,,4H,O requires C=71°39; H=4°'80 per cent. 

The benzoyl derivative was prepared by adding excess of benzoyl 
chloride to a solution of the substance in dry pyridine. It crystal- 
lises from alcohol in colourless needles, melting at 170—171°: 

00874 gave 0°2510 CO, and 0°0356 H,O. C=78°31; H=4°52. 

Cy,H.sO, requires C=78'26; H=4°'52 per cent. 


2-Phenyl-3-benzyl-1 : 4-a-naphthapyrone (3-Benzyl-1: 4-a-naphtha- 
flavone), 
on 


ms. 
YY \ greats - 
| n 5 
AV JOG 
co 


Five grams of ethyl B-benzoyl-a-phenylpropionate were mixed 
with 3 grams of a-naphthol, and about 10 c.c. of concentrated 
sulphuric acid were slowly added, the mixture being cooled during 
the addition. The naphthol gradually dissolved, with the produc- 
tion of a greenish-yellow colour, and after twelve hours a quantity 
of crystalline material had separated. The mixture was poured 
on ice, and the aqueous solution thus obtained was treated with 
an excess of sodium hydroxide solution. The precipitate which 
separated was collected and thoroughly washed. It crystallises 
from alcohol in colourless, glistening leaflets: 

0°1301 gave 0°4013 CO, and 0°0602 H,O. C=84:13; H=5'14. 

CygH,,0.,4H,O requires C=84°09; H=5'12 per cent. 
3-Benzyl-1: 4-a-naphthaflavone melts at 71°5°. It is soluble in 
alcohol or acetic acid, and insoluble in water or light petroleum. 
It dissolves in concentrated sulphuric acid with a yellow colour 
and a green fluorescence. The alcoholic solution does not give any 
coloration with ferric chloride. 

This flavone was also prepared by using stannic chloride as 
condensing agent. Five grams of the ester and 3 grams of 
a-naphthol were mixed with 20 c.c. of freshly distilled stannic 
chloride, and the whole heated at 120° for three hours. The pro- 
duct was separated by pouring the mixture on ice, the yield being 
very small. 


i 


ete: carton 
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5: 7-Dihydroxy-2-phenyl-3-benzylbenzo-y-pyrone (5: 7-Dihydrory- 
3- —" 


on/\/S C-O,H, 


A 20; H 
OH CoO 


Five grams of ethyl B-benzoyl-a-phenylpropionate and 3 grams 
of phloroglucinol were mixed with 3 c.c. of glacial acetic acid, to 
which about 20 grams of finely powdered fused zinc chloride were 
added. The mixture was heated at about 110—115° for five 
hours, with constant stirring, when it became very viscous and 
intensely red. The solution was then mixed with water, when a 
large quantity of a solid and some oil separated; the latter was 
removed with ether. The solid was collected, washed, and crystal- 
lised from alcohol. The yield of the product was about 85—90 
per cent. of the theoretical : 

0°1209 gave 0°3152 CO, and 0°0583 H,O. C=71:13; H=5°36. 

C..H,,0,,1}H,O requires C=71:16; H=5'12 per cent. 

5: 7-Dihydroxy-3-benzylflavone crystallises in pale brown prisms, 
melting at 119°, and decomposing at 126°. In alcoholic solution 
it gives a greenish-brown coloration with ferric chloride. It is 
soluble in alcohol or acetic acid, moderately so in benzene, and 
insoluble in water or light petroleum. 

The acetyl derivative, prepared in the usual way, crystallises 
from dilute acetic acid in colourless prisms, melting at 56°: 

0°1223 gave 0°3273 CO, and 0°0524 H,O. C=72°98; H=4°76. 

Cyg,HyO, requires C=72°89; H=4°67 per cent. 


7-H ydroxy-2-phenyl-3-b enzyl-5-methylbenzo-y-pyrone (7-H ydrory- 
3-benzyl-5-methylflavone), 
O 
OH/ NON G-C pHs . 


A400 
CH, CO 


This was prepared from 5 grams of ethyl B-benzoyl-a-phenyl- 
propionate, 3 grams of orcinol, 20 grams of finely powdered 
anhydrous zine chloride, and 3 c.c. of glacial acetic acid, in the 
same way as the phloroglucinol compound. The mixture, on being 
poured into water, did not solidify on stirring, so the product 
was extracted with ether. The ethereal solution was washed with 
water, and then with an excess of dilute sodium hydroxide, and 

VOL, CVIL 2s 
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the alkaline extract, after acidification with dilute sulphuric acid, 

gave a small quantity of a pale yellow, crystalline precipitate. 

This was collected, washed, and crystallised from alcohol, when it 

was obtained in lemon-yellow needles, melting at 108°. In con- 

centrated sulphuric acid it gives a greenish fluorescence. The 

yield of the product was very small: . 
01094 gave 0°3077 CO, and 0°0546 H,O. C=76'70; H=5°54. 

C..H,,0;,H,O requires C=76°66; H=5°55 per cent. 


1: 3-Dihydrozxy-2-phenylnaphthalene, 


Five grams of ay-diphenylacetoacetic ester were mixed with 
3 grams of resorcinol or 4 grams of pyrogallol, and to the mix- 
ture 20 c.c. of concentrated sulphuric acid were slowly added. 
The solution, after being kept for twelve hours, was poured on 
ice, and in either case the same product was obtained. It was 
evidently 1: 3-dihydroxy-2-phenylnaphthalene, formed by the loss 
of a molecule of alcohol from the ester itself. This was confirmed 
by its melting point and analysis (Found, C=81°5; H=4°7. 
Cale., C=81°69; H=4°6 per cent.), and also by the melting point 
of its acetyl derivative. 


We take this opportunity of expressing our hearty thanks to Dr. 
Smiles and Dr. Tuck for their kind interest and encouragement 
during the investigation. 
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CVIII.—The Absorption Spectra of Various 
Derivatives of Benzoic Acid. 


By Joun Epwarp Purvis. 


In previous communications (T., 1911, 99, 811, 1699, 2318) the 
author has shown that the vapours and solutions of various iodo- 
derivatives of benzene and toluene exhibited no selective absorp- 
tion in the ultra-violet regions, whereas the corresponding chloro- 
and bromo-compounds had a large number of vapour bands and a 
smaller number of solution bands. 
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Baly and Collie (T., 1905, 87, 1344) showed that nitrobenzene 
had a very weak solution band in the extreme ultra-violet regions, 
and the author and McCleland (T., 1913, 103, 1088) showed that 
o- and m-<dinitrobenzenes had no band, whereas p-dinitrobenzene 
had a very weak band in these regions. The total disappearance 
of the finer vapour bands in the nitro- and iodo-derivatives of 
benzene, toluene, phenol, benzaldehyde, and aniline was also 
described, and although the solution bands were not destroyed, they 
were weaker and fewer in number as compared with the pheno- 
mena of the simpler compounds (Purvis, T., 1913, 103, 1638). 

Similar evidence was brought forward as regards the solution 
bands of the nitro-derivatives of toluene, the xylenes, and other 
benzene compounds by Baly, Tuck and Marsden (T., 1910, 97, 571). 

Hartley and Hedley (T., 1907, 91, 314) showed that in benzoic 
acid the seven solution bands of benzene were destroyed, but they 
noticed a comparatively weak band at about 1/A 3600 (A 2777). 

This communication describes the results which have been 
obtained by investigating alcoholic solutions of various derivatives 
of benzoic acid to ascertain how far the absorption is affected: 
(1) by the introduction of other groups in the nucleus, as in the 
toluic, halogen-, and nitro-benzoic acids, and (2) when the nucleus 
and the acid radicle are separated by saturated or unsaturated 
aliphatic groups, as in phenylacetic, mandelic, and cinnamic acids. 

The substances examined were: benzoic acid; o-, m-, and ptoluic 
acids; o-, m-, and p-chlorobenzoic acids; o-, m-, and p-bromobenzoic 
acids; o-, m-, and piodobenzoic acids; o-, m-, and p-nitrobenzoic 
acids; phenylacetic acid; mandelic acid; cinnamic acid; o-, m-, 
and p-nitrocinnamic acids; and phenylpropiolic acid. 

The apparatus has been described before; the condensed 
cadmium spark was used as the source of light. 

Benzoic Acid.—The author confirms Hartley and Hedley’s 
observations (loc. cit.); the absorption curve has been drawn 
(Fig. 1, I, upper curves). It is noticeable that, in addition to the 
weak band, there is a rapid step-out of the rays from 1/A 4300 
(A 2320), which extends into the Schumann region, and this seems 
to indicate the presence of a large band. The indication is more 
marked in some of the derivatives of benzoic acid described below. 

Phenylacetic Acid.—Baly and Collie (T., 1905, 87, 1332) state 
that aleoholic solutions of this substance show only slight general 
absorption. It is probable that the radiations from the iron arc 
which they used were too strong, for, by using a condensed 
cadmium spark, the author found several absorption bands. These 
bands (Fig. 1, II, upper curves) are much weaker than the toluene 
bands with which they were compared in equimolecular solutions, 
38 2 
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and they are a shade weaker than the bands of phenylacetonitrile 
(Purvis, this vol., p. 496). The wide band, which appears at the 
greater thicknesses, is also narrower in phenylacetic acid than in 
phenylacetonitrile. The bands are a shade stronger than in benzyl 
chloride and in benzylidene chloride, and they are shifted more 
towards the red end; the wide band at greater thicknesses is also 
absent in benzyl chloride (Purvis, Joc. cit.). 

Mandelic Acid.—The absorption curve (Fig. 3, I, upper curves) 
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IV. Cinnamic acid. 


shows several remnants of benzene (toluene) bands, with a slightly 
greater shift towards the red end, and the absence of a large, wide 
band at greater thicknesses of the solution. The bands are about 
the same strength as the bands of benzyl chloride and benzylidene 
chloride (Joc. cit.), but the shift towards the red end is not quite 
so great; they are much weaker than the bands of phenylaceto- 
nitrile (/oc. cit.), and they are weaker than the bands of pheny)- 
‘acetic acid, and are shifted less towards the red end as compared 


id 
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with the latter, and more towards the red as compared with the 
former. It may be mentioned that the author (T., 1914, 105, 
2482) has shown that mandelonitrile has two bands not unlike those 
of benzaldehyde, except that they are not quite so strong. 

o-, m-, and p-Tolwic Acids.—The curves (Fig. 1, lower curves) 
snow that the o- and m-compounds have very similar types of 
absorption. Each has a moderately strong band in the less 
refrangible regions, and there is a rapid step-out of the rays 
towards the more refrangible regions from about 1/4100 (A 2438) 
to 1/A 4600 (A 2173), which runs right into the Schumann region. 
There gan hardly be any doubt that this represents a part of a 
large band, for, in the »compound, it is noticeable that the band 
is shifted well into the regions which affect the ordinary photo- 
graphic plate. The less refrangible band of the p-compound is 
also narrower than the corresponding band of the o- and m-com- 
pound. If the curves are compared with those of the three tolu- 
aldehydes (Purvis, T., 1914, 105, 2482), it will be noticed that the 
chief differences are a greater shift of the line of general absorp- 
tion and of the bands of the aldehydes towards the red end, and 
also a widening of the less refrangible band; whilst the more 
refrangible band is much stronger in the aldehydes than in the 
acids, and the narrow, less refrangible band of »chlorobenzoic acid 
is absent in »chlorobenzaldehyde. 

o-, m-, and p-Chlorobenzoic Acids.—The general appearance of 
the absorption curves (Fig. 2, upper curves) are not unlike those 
of the toluic acids, except that, possibly, the less refrangible band 
of each is not quite so strong as the corresponding band of the 
toluic acids. The differences between the absorption curves of 
these compounds and of the chlorobenzaldehydes (Joc. cit.) are 
not unlike those between the tolualdehydes and the toluic 
acids. 

o-, m-, and p-Bromobenzoic Acids.—The general phenomena of 
these three compounds are comparable with those of the three 
chlorobenzoic acids, and their absorption curves have not been 
drawn. The only marked difference is that there is a slightly 
greater shift of the bands towards the red end. 

o-, m,- and p-lodobenzoic Acids—-The bands (Fig. 2, lower 
curves) are not unlike those of the corresponding bands of the 
chloro- and bromo-benzoic acids, but there are some differences. 
The most marked differences are the widening and weakening of 
the less refrangible band in the o- and m-compounds, and the 
absence of this band in the pcompound. The latter band seems 
to have widened into a large single band, which is much wider 
and stronger than the correspcnding band of the chloro- and bromo- 
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benzoic acids. There is also a greater shift of the bands of the 
iodo-compounds towards the red end. 

o-, m-, and p-Nitrobenzoic Acids.—Each substance exhibits (Fig. 
3, upper curves) a shallow band in the extreme ultra-violet regions, 
that of the p-compound being stronger and more persistent than 
the others. There is a very rapid absorption of the rays right 
into the visible regions as the thickness of the solutions increases. 
Purvis and McCleland have noted (loc. cit.) that o- and p-dinitro- 
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benzenes show no bands, whereas pdinitrobenzene has a faint band 
in the extreme ultra-violet regions. 

Cinnamic Acid.—Baly and Schaefer (T., 1908, 93, 1808) describe 
the absorption curve of this acid, and the author confirms their 
results. The curve has been drawn (Fig. 1, IV, upper curves) so 
that it may be compared with the others. Baly and Collie (loc. 
cit.) state that the absorption curve of 8-phenylpropionic acid is 
practically identical with that of ethylbenzene. This means that 
the large band of cinnamic acid disappears, and is replaced by the 
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residues of several benzene bands. On comparing the curve with 
that of cinnamaldehyde (loc. cit.), it is noteworthy that there is 
a greater shift of the latter towards the red end. 

o-, m-, and p-Nitrocinnamic Acids.—Baly, Tuck and Marsden 
(loc. cit.) examined the three esters of these substances, and the 
phenomena they describe are comparable with those which the 
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author has observed in the three acids. The m-compound was 
dissolved in M/100-solutions; the o- and pcompounds were not 
soluble in M/100-solution. The curves of the solutions show 
(Fig. 3, lower curves) that there are traces of a less refrangible 
band between about 1/3100 (A3224) and 1/A 3400 (A 2940) in 
the o- and m-compounds, and that whereas the o-compound has a 
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large band in the still more refrangible regions, that of the m-com- 
pound is better marked, and the p»compound has a very strong 
band. ‘These bands are much stronger than the bands of the nitro- 
benzoic acids. The rapid absorption into the visible regions of the 
spectrum, as the thickness of the solution increases, is not unlike 
that in the nitrobenzoic acids. 

Phenylpropiolic Acid.—The solution curve (Fig. 1, II, upper 
curves) shows one large band, which is not so strong as that of 
cinnamic acid, and it is shifted more towards the more refrangible 
regions. 

Discussion of the Results. 

It has been suggested in previous communications (/oc. cit.) that 
the fundamental vibrations of the atoms in a molecule are 
influenced by the type and nature, as well as by the orientation 
and the physical conditions, of the system, and that the final adjust- 
ment of the oscillations producing absorption is controlled by these 
conditions, and also by the radiant energy which sets the vibra- 
tions in motion and reacts differently on the various atoms and 
atomic groups. The movements which determine the nature and 
extent of the absorption are modified by the interdependence and 
relationships of the various oscillating centres. Some centres, like 
the nitro-group and the ethenoid linking, are more powerful than 
others in modifying the absorptive properties of the nucleus. 

The results of this investigation show that, although there are 
various differences in the toluic acids and the halogen acids, the 
introduction of iodine, as in the iodobenzoic acids, does not destroy 
the bands as it does in benzene and toluene (loc. cit.). The 
phenomena are comparable in this respect with the solution bands 
of the iodoanilines and the iodophenols (loc. cit.). At the same 
time, it is noteworthy that the introduction of iodine has had more 
influence than chlorine or bromine. This is well shown by the 
decreased persistence and strength of the less refrangible band of 
the o- and m-compounds, and the greater strength of the more 
refrangible band of the p-compound. The acid group has enabled 
the ring to retain its fundamental vibrations to a considerable 
extent. 

It is also clear that the separation of the nucleus and the acid 
group by the aliphatic chains in phenylacetic acid and mandelic 
acid has enabled the benzene nucleus to regain some measure of 
its former freedom, whereby the residues of various benzene bands 
are produced. At the same time, the type of the intervening 
radicle modifies the strength and persistency of the bands. It 
may be recalled, in this connexion, that triphenylacetic acid has 
no well-marked band (Purvis, T., 1914, 105, 1372). 
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The effect of the intervention of an unsaturated group is 
strikingly seen in cinnamic and phenylpropiolic acids, and it may 
be that the unsaturated ethenoid linking is of prime importance 
in the final adjustment of the absorption. The unsaturated 
valencies act as oscillatory centres, and modify the vibrations of 
the nucleus; but when the valencies are saturated, as in B-phenyl- 
propionic acid, the vibrations of the benzene ring partly reassert 
themselves, and produce residues of the original benzene absorp- 
tion, modified slightly by the aliphatic and acid side-chain. 
Nevertheless, as the band of phenylpropiolic acid is not so strong 
as that of cinnamic acid, and the shift towards the red end is 
not so great, it seems as if the acid group, by its closer connexion 
with the nucleus, or, to put it another way, by the absence of the 
intervening hydrogen atoms, is enabled to exercise its influence 
to a greater extent on the vibrations of the other centres, and 
partly damps or neutralises the oscillations which produce the 
greater absorption of cinnamic acid. 

The introduction of the nitro-group in the nitrobenzoic acid 
destroys the less refrangible band of benzoic acid and produces a 
weak, wide band in the extreme ultra-violet regions, and there is 
also a very rapid absorption of the rays extending into the visible 
regions as the thickness of the solution increases. Similar results 
occur in the nitrocinnamic acids; but here the influence of the 
ethenoid linking has not been completely eliminated, for, although 
the bands are weaker than in cinnamic acid itself, they have not 
been reduced to the same extent as in the nitrobenzoic acids. 
The nitro-group, as an oscillatory centre damping the vibrations 
of the benzene ring and overpowering the influence of the acid 
group, is neutralised to a considerable extent, but not wholly 
destroyed, by the vibrations of the unsaturated ethenoid group. 

It is also probable that the influence of the acid group is 
primarily derived from the carbonyl combination, for not only 
does the general similarity with the solution bands of the corre- 
sponding aldehydes suggest such an explanation, but additional 
evidence is derived from the fact that the solution curve of benzoyl 
chloride shows a weak band not unlike that of benzoic acid 
(Purvis, T., 1914, 105, 2482). 


I have again to thank the Chemical Society for a grant in aid 
of the expenses of this investigation. 


UNIVERSITY CHEMICAL LABORATORY, 
CAMBRIDGE. [ Received, June 16th, 1915.] 
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Deputation from the Royal Society and the Chemical 
Society to the Government re Memorials on the 
Position of Chemical Industries, presented to the 
Prime Minister, March, 1915. 


Tue Councils of the Royal Society and of the Chemical Society 
presented Memorials* on the position of chemical industries to the 
Prime Minister in March, 1915, asking the Government to receive 
Deputations. Due acknowledgment of the Memorials was made, 
and the President of the Board of Trade (the Right Honourable 
Walter Runciman, M.P.) and the President of the Board of 
Education (the Right Honourable J. A. Pease, M.P.) consented 
to receive Deputations from the two Societies on Thursday, May 
6th, 1915, at 4.30 p.m. 

Present : 

Government Representatives. 

The Ricur Hon. Water Runciman, M.P. 

The Ricut Hon. J. A. Pease, M.P. 

Dr. C. Appison, M.P. 

Str H. LueEwettyn Smit, K.C.B. 

Str L. Amuerst Sevpy-Biceer, K.C.B. 

Mr. F. G. Ocitviez, C.B. 

Mr. Percy ASHLEY. 

Mr. R. W. Matruew. 


Members of the Deputations: 


Royal Society. 


Str Witiiam Crookes, O.M. (President). 

Mr. A. CHaston Cuapman (President, Society of Public 
Analysts). 

Proressor ArtHuR W. Cross.ey, D.Sc., F.R.S. 

Dr. H. J. H. Fenton, M.A., F.R.S. 

Dr. M. O. Forster, F.R.S. 

Proressor G. G. Henperson, M.A., D.Sc. (President, Society 
of Chemical Industry). 

Proressor H. Jackson (Institute of Chemistry). 

Proressor W. H. Perxin, Sc.D., F.R.S. 

Proressor W. Jackson Port M.A., F.R.S. 

Dr. ALExanpER Scort, M.A., F.R.S. (President, Chemical 
Society). 


* See pp. 982, 985. 
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Proressor ArtHuR SmITHELLS, F.R.S. 
Proressor J. F. Tuorps, D.Sc., F.R.S. 
Mr. Epwarp W. Voetcxer (Vice-President, Institute of 
Chemistry). 

Proressor ArtHuR Scuuster, F.R.S. 

Mr. R. W. F. Harrison (Assistant Secretary). 


Chemical Society. 


Dr. ALexanver Scort, M.A., F.R.S. (President). 
Proressor Artuur W. Crosstey, D.Sc., F.R.S. 
Proressor F. G. Donnan, M.A., F.R.S. 

Dr. M. O. Forster, F.R.S. 

Proressor Percy F. Franxvianp, LL.D., F.R.S. 
Proressor James C. Puitip, M.A., D.Sc. 
Proressor W. H. Perkin, Sc.D., F.R.S. 

Dr. SaMuEL SMILEs. 

Str Witiiam A. TriLpen, D.Sc., F.R.S. 


The Deputations were introduced by Sir WILLIAM CrooKEs, who 
gave the names of the various societies which the members of the 
Deputations represented. He then invited Professor W. H. 
Perkin to speak. 


Professor PERKIN emphasised the necessity for the wider 
recognition of the importance of research if the chemical indus- 
tries are to be recovered for this country. There were two ways 
in which they may be recovered: (1) by the manufacture of those 
substances essential to our industries which, previous to the war, 
had been made in Germany, and (2) by discovering new products 
of technical importance. In order to accomplish this, hundreds 
of chemists under the most able scientific supervision must be 
employed by us, as is done in Germany. The development of 
research must be encouraged as widely as possible, and, in this 
connexion, Professor Perkin urged the consideration of the follow- 
ing points: (1) In order to secure an adequate supply of research 
chemists, generous grants should be provided by the Government 
in aid of chemical departments of the Universities, especially of 
those Universities that are willing to specialise in training 
chemists for an industrial career; (2) there must be closer co- 
operation between the manufacturers and the Universities; and 
(3) a standing Advisory Committee, comprising some of the most 
active chemists, should be organised; one of the duties of this 
Committee should be to watch the chemical industries of other 
countries, and to advise manufacturers as to the new directions in 
which research might be undertaken. 
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Sir Witt1am TitpEen remarked that the two memorials sub- 
mitted agree in recommending the formation of a Central National 
Advisory Committee, composed mainly of chemists and chemical 
manufacturers. Our rivals in Germany have accomplished so 
much chiefly in consequence of two important arrangements: 
(1) Organisation, not only in the works themselves, but of the 
relation between the works (where both manufacture and research 
go on) and the Universities. In Germany, a Professor who has 
made a special study of a particular department of chemistry is 
often invited to take charge of some works department, whilst, on 
the other hand, many industrial chemists become University Pro- 
fessors. (2) The other influence at work has been the support and 
countenance of the State. 

The establishment of an advisory body is needed in this country 
to assist in directing manufactures and to promote the progress 
of science. By creating such a body, the Government will give 
a lead which will put a cachet on science and its application. The 
ignorance of the public in regard to the work of scientific chemists 
arises largely from the fact that the profession has not yet been 
properly organised. In those professions which have been 
efficiently organised, we have not only a recognition of their 
utility and national importance on the part of the public, but we 
have a large number of officials whose emoluments are commensu- 
rate with the dignity of their position. The prizes offered by 
such professions as the Law and the Church are such as to attract 
into the ranks of those professions a large proportion of the able 
men of the country; such men are withdrawn from other pro- 
fessions they would probably prefer to enter—such as the pro- 
fession of chemistry or applied science—with the consequence that 
there is a large waste of national intellect. In medicine, recently, 
eight physicians have been retained at a fee of £5,000 per annum 
each, but no such fee has ever been accorded to any scientific man. 
The effect of this is that the public understands that the State 
must have great lawyers, a great body of clergy, and efficient 
doctors, who must be well paid; but a man who pursues science, 
however brilliantly, and makes the most important discoveries, 
receives, practically speaking, no recognition, because his pro- 
fession is not recognised. Were scientific men employed more 
frequently and paid more reasonably, the public would gradually 
get to understand that such work is important. As it is, not only 
are the salaries offered, even in Government establishments like 
the Arsenal, totally inadequate, but as the prospects of advance- 
ment are so meagre, a large proportion of the able young men 
who might otherwise take up chemistry as a pursuit are led into 
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the ranks of other professions, especially the Law, in which there 
are prizes for the few but disappointment for the vast majority. 

Further, it is of the utmost importance that research should 
be directed more frequently toward the problems presented in 
chemical industry and for the direct benefit of the country. This 
aspect of the question has been somewhat neglected by the Uni- 
versities and technical schools, though doubtless more attention 
will be given to it in the future. But more liberal recognition 
of the claims of science by the State is wanted. No institution 
exists in this country endowed or assisted by the State with this 
object in view. We have no institution corresponding to the 
Kaiser Wilhelm Institut in Berlin, where the professors are 
relieved from the duty of teaching, but are paid handsome salaries 
and devote themselves entirely to research. 

The central and fundamental point on which all scientific men 
have their eyes fixed is the better recognition of their work, and 
until the Government and the public fully realise that the pursuit 
of science as a profession must be made more attractive, a large 
proportion of the national ability will continue to be wasted, and 
we shall remain in much the same position as at the present time. 

Professor FRANKLAND stated that to find evidence of any exalted 
personage really understanding the vital importance of chemistry 
to the welfare of the State it is necessary to go back to the days 
of the late Prince Consort, and it is not overstating the fact to 
say that there is probably less interest in chemical science mani- 
fested by the cultivated and ruling classes of to-day than there 
was fifty years ago, when the late Professor Hofmann presided 
over the Royal College of Chemistry. The speaker could not call 
to mind having seen on any single occasion a member of the 
Government present at a chemical discourse, however eminent the 
speaker or epoch-making the subject. Profound neglect of science 
in general, and of chemical science in particular, is something 
specifically British, and it would be difficult to find any other 
civilised country in which a comparable state of affairs exists. 

Since the beginning of the war, when the supply of many in- 
dispensable commodities was cut off, the general public has begun 
faintly to realise how dependent modern civilisation is on the 
creative forces of chemical science. Nothing could be more 
humiliating than that the greatest Empire of the World should 
have found that some of the most common and important drugs 
could no longer be dispensed, that the uniforms of our gallant 
soldiers could not be dyed to a constant colour, that our labora- 
tories were crippled and paralysed by the want of some of the 
most important reagents and pieces of apparatus, and that we 
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were surrounded by the gravest difficulties in the way of obtaining 
the necessary materials for the manufacture of high explosives. 
To the same category belongs the fact that the Government 
admitted that they had been obliged to grant licences to trade 
in some of these materials with the enemy. Nearly all those 
industries which involve a profound knowledge of chemical science 
have either left our shores or have never been established in this 
realm, and those industrjes that remain do so because we were 
first in the field, or because we enjoy advantages in the way of 
raw material or some such factor. It is the earnest desire of the 
Chemical Society that a halt should be called to this systematic 
destruction of chemical industries. We have not only lost indus- 
tries through neglect of chemical science, and more especially of 
chemical research by our manufacturers, but we have not par- 
ticipated in those great recent industrial advances such as the 
fixation of atmospheric nitrogen, the synthesis of ammonia and of 
nitrate, which are destined to revolutionise the economics of the 
planet. Consider what is meant by our not having taken up the 
artificial production of nitrates. Had the German commerce-— 
destroyers met with greater success, the supply of Chile saltpetre, 
upon which the manufacture of all our explosives depends, would 
have been cut off. This decay of our chemical industries is a 
matter for extreme regret from another point of view, for although 
some chemical industries are still flourishing in this country, they 
are of what may be called the grosser type, a type wuich involves 
a less profound knowledge of chemistry than a great variety of 
other and newer chemical manufactures which necessitate the 
employment of highly skilled chemists. The absence of this 
variety in our chemical industries is a source of national weakness, 
not only because it makes us dependent on other countries for 
many valuable products, but also because it restricts the demand 
for, and the output of, high-grade professional chemists. 
Professor Pope said that during the rapid developments which 
have taken place in recent years in the scientific chemical indus- 
tries, numbers of young men trained in scientific method have 
been chosen to fill the chief executive positions in nearly every 
branch of chemical industry. The men now being absorbed into 
work of this kind receive their scientific training in our Universi- 
ties and Colleges, and supersede the older type of rule-of-thumb 
workman formerly promoted to such positions. An intelligence 
department such as we contemplate would be invaluable as a link 
between the educational establishment, necessarily academic in 
tendency, and the chemical industries, the highly practical require- 
ments of which have to be met by the University or College. The 
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fact that very little connexion exists in this country between 
scientific technology and the teacher is largely responsible for the 
backward condition of our finer chemical industries. The chemist 
has to deal with an enormous number of different materials by a 
vast variety of different methods; this is true both in purely scien- 
tific work and in chemical technology. No one person is capable 
of mastering more than a small part of the whole subject, and it 
seems imperative that some central body should act as a kind of 
National Clearing House for chemical knowledge and ideas upon 
the lines roughly indicated in our Memorials. 

Dr. M. O. Forster emphasised the need of creating a public 
opinion in connexion with science and education, because there 
exists in this country at the present time no such thing as public 
opinion on these two matters. It is the duty of the Government 
to assist in furthering this object by encouraging the proposals 
made in the two Memorials. The absence of such public opinion 
in this country was, in his belief, a minor contributory cause of 
the war, because Germans are so imbued with the need of pur- 
suing modern and efficient methods of education, and of applying 
science to industry, that they hold in contempt a country which 
notoriously neglects such processes. It is partly in consequence 
of this contempt, and of their belief that we are a decadent nation, 
that they took the course they adopted last August. 

In order to bring the matter more concisely before the Govern- 
ment, the Speaker had drawn up a skeleton scheme for the estab- 
lishment of a Chemical Intelligence Department at the Board of 
Trade. Such a scheme would benefit the smaller chemical manu- 
facturers, who are unable to employ a large staff of research 
chemists, because it constitutes what Professor Pope has aptly 
described as a national clearing-house of commercial and technical 
information. The need of such an Intelligence Department is 
urgent, and will become still more important when peace is 
declared, because German manufacturers will make even greater 
efforts in the future to prevent this country from building up an 
industry in fine chemicals, and to wrest from us those chemical 
industries which we already possess. Our responsibility to the 
nation is therefore a grave one, and we must grasp the present 
opportunity to bring about a scientific renascence in this country, 
because no such opportunity will ever recur. 

In reply to the Deputations, the Right Honourable Water 
Runciman, M.P. (President, Board of Trade), stated that however 
broadcast may be the misunderstanding by the public of the 
great men who have adorned the science of chemistry in the past, 
not all the public believe that the chemist is merely a retail or 
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wholesale druggist, and that we are not dependent in most of our 
industries upon the guidance of men to conduct research. 

Mr. Runciman mentioned that he had had many opportunities 
of realising the lamentable shortage of young chemists in this 
country as compared with Germany, and the manufacturers keenly 
appreciate the seriousness of the position. This shortage is due to 
the fact that the career of a chemist in this country is most pre- 
carious, and also to the smallness of the remunerations offered to 
chemists, upon whom the success of many of the industries of the 
country is dependent. This must be altered, and the career of a 
chemist must be better assured if greater numbers of young men 
are to be attracted to the profession. 

The speaker then referred to the three grounds covered by the 
suggestions that had been made, namely: (1) increased grants to 
the Universities in different forms; (2) a closer connexion between 
the manufacturers and the chemical staffs of the Universities; and 
(3) the formation of an Advisory Committee to whom the Govern- 
ment could refer in case of need. 

As to the first point, the Government have decided to devote a 
much larger sum per annum for research work than before. 

Secondly, the difficulty of connecting the manufacturers with 
the commercial staffs in this country is deep-seated, but perhaps 
not altogether incurable. The manufacturer must realise what 
he can get from the Universities, and the Univers’ties must know 
what the works require, and to this extent the grants which have 
been secured should tend to a closer co-operation between 
the two. 

Thirdly, whatever difficulties have been met with in the branch 
of dyes, the new organisation that has resulted is to receive 
financial assistance to the extent of £100,000. One of the difficul- 
ties met by the Committee appointed to carry out this scheme was 
that manufacturers consider the chemists too theoretical. This 
prejudice existed also in the agricultural industry, and was only 
broken down by it being pointed out that there was a money 
value in research work; it lies with chemists, as well as with the 
Government, to make manufacturers realise that there is a money 
value in chemical research work. A committee composed entirely 
of chemists would probably be suspect by the manufacturers, and 
a committee composed of chemists and manufacturers leads to the 
latter becoming reticent, for each man in England apparently ‘ 
thinks he has a precious secret which must not be declared to his 
competitor. In conclusion, Mr. Runciman stated that the sug- 
gestions which had been made by the Deputations were of great 
value, and that the Board of Trade welcomed the fact that they 
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could rely upon the assistance and co-operation of the Societies 
which the members of the Deputations represented. 

The Right Honourable J. A. Pzasz, M.P. (President, Board of 
Education), stated that some of the things referred to by the 
members of the Deputations were expressions of thought that had 
been passing through his mind for many weeks past. When a 
member of Parliament speaks, he often has criticism to offer as 
to the manner in which his speech is reported in the Press, and 
the most important matter dealt with by the Chancellor of the 
Exchequer in his Budget speech, namely, that the Government 
had already made provision for research and for dealing with the 
special manufactures for which we were dependent on foreign 
countries, had not been reported by any of the Press. The Board 
of Education are closely associated with the Board of Trade in 
this matter. The war revealed to the Board of Trade and to many 
of the manufacturers of the country that we had lost a large 
number of industries that could be established and maintained in 
this country, and attention has been directed to make good this 
deficiency and to the importance of research work. Training 
workers in research is particularly the work of the Board of 
Education. 

The speaker stated that, as a business man, he had been con- 
nected with the production of iron and steel and with the produc- 
tion of by-products from coal and coal tar, and that he recognised 
the importance of the chemist in such industries. Mr. Pease 
thought that there were a few manufacturers today—though far 
too few—who felt the importance of employing efficient chemists, 
but they do not know how to obtain them. In this country there 
are only about 1,500 working chemists connected with our leading 
manufactures, while in Germany there are a thousand chemists 
employed by the four chief firms who produce dyes; this illustrates 
the great need of creating chemists and scientific workers in this 
country. 

The Government are anxious to enlist the best and most highly 
trained brains and the most experienced intellects in connexion 
with their scheme, but the Government cannot do anything with- 
out money, and directly the distribution of anything like large 
sums occurs, the House of Commons takes an interest in the ex- 
penditure, and holds a Minister responsible for it. 

Mr. Pease referred to the grant of £4,000 a year made by the 
Government for research, which is distributed by the Royal 
Society, and to the grant of £7,000 a year made to the National 
Physical Laboratory, and added that much larger sums than these 
would be required in the future. He was of the opinion that the 
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Government should be responsible for the expenditure of the 
money, and that they should have the advice of those independent 
bodies, who can render them great assistance in their duties. Not 
only the chemical industries, but the engineering, electrical, and 
textile industries, as well as commercial and economic subjects, 
are concerned in this scheme. 

The speaker then went on to say that where we, as a country, 
are lacking as compared with Germany is in failing to co-ordinate 
and organise our higher education. The Board of Education 
desires to give greater facilities for bringing forward promising 
students in elementary schools right into the Universities. By a 
system of fellowships and scholarships, and by aiding Universities 
in such ways as improving their equipment, aiding the staff, and 
by State contributions, much could be done within a few years to 
stimulate scientific workers. 

The Board are thoroughly aware of the importance of research, 
and now that the Government has given their consent for a scheme 
to be proceeded with, the scientists in the country are being asked’ 
to co-operate in one way or another. Such schemes as Dr. 
Forster’s will receive careful consideration. Action must not be 
hurried, but it must be taken at once, and though there will not 
be much money this year, it is hoped that when the war is over 
substantial sums will be forthcoming. — 

In conclusion, Mr. Pease thanked the members of the Deputa- 
tions for the manner in which they had presented their case, and 
added that both the Board of Trade and the Board of Education 
were in hearty accord with the objects which the Deputations 
desired to further. 

Sir William Crookes then proposed a very cordial vote of 
thanks for the excellent reception that had been accorded the 
Deputations, and for the important statements which had been 
made by Mr. Runciman and Mr. Pease. The motion was put to 
the members of the Deputations, and carried unanimously. 


. 


Royat Society Memoriau. To THE Prime MINISTER ON THE 
DEVELOPMENT OF CHEMICAL INDUSTRIES. 


The President and Council of the Royal Society have recently 
had under consideration the state of certain chemical industries 
in this country as revealed by the effects of the war. These in- 
dustries are of the greatest national importance; they supply 
materials required in many different industries, including material 
required for war purposes, and on them depends the welfare of 
immense numbers of skilled workers. We are aware that the 
Government at an early stage foresaw the difficulties with which 
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the country was likely to be confronted, and an Advisory Com- 
mittee, formed under the auspices of the Board of Trade, has 
rendered, and is rendering, service in the desired direction. 

As representatives of Science in this country, we urge that the 
main causes of the comparatively backward state of certain indus- 
tries are: (1) failure to realise that modern industry, to be 
successful, must be based on scientific research; and (2) want of 
more intimate association between the manufacturers and the 
workers in science. The Board of Trade has already given facili- 
ties for bringing together manufacturers, merchants, and con- 
sumers, and the Treasury has recently formed a war trade depart- 
ment in such specialised branches of industry as we have had 
under consideration. It is essential for the future welfare of the 
country and for the permanent retention of such industries as 
may be established here as the result of the war, that some per- 
manent central national organisation should be created. We 
venture to hope that the Government will take the necessary steps, 
and we submit the case for your favourable consideration now 
because of its urgency, and because as a body of scientific workers 
we know that something more is required than temporary Com- 
mittees. It is generally admitted that the foreign industries 
which have outstripped our own, and others which increasingly 
threaten us, have been built up as the result of about half a 
century’s recognition by our competitors of the bearing of scien- 
tific research upon manufactures. If, as we believe, there has 
been neglect of this recognition here, the present crisis will no 
doubt lead to the development of more enlightened ideas, and we 
feel confident that a fresh departure in this country, under the 
lead of the Government, would have a most important influence 
upon the future of the growing industries. 

It is not for us to formulate any definite scheme for giving 
practical effect to the representations submitted in this Memorial, 
but there are certain special reasons for bringing forward the 
matter now. One of these reasons is that the Advisory Committee 
which has been already appointed by the Board of Trade contains 
the nucleus of such a permanent organisation as in our opinion is 
essential for the future maintenance of our chemical industries in 
face of foreign competition. This Committee, which now com- 
prises experts in several branches of chemistry bearing upon 
industry, might furnish material for the establishment of a larger 
standing committee, of the nature of an Intelligence Department, 
serving the chemical industries in the same way that the Com- 
mercial Intelligence Department serves merchants and traders. 
A further reason for our urging the matter at the present time is 
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that in view of the existing state of some of our industries, the 
chemists of this country generally consider that it is imperative 
on national grounds that all proposed new developments should 
be pushed forward with as little delay as possible. Should such 
an organisation as we suggest be called into existence, we have 
reason to believe that the services and laboratories of the Chemical 
Fellows of the Society will be, so far as possible, at the disposal 
of the Government for the purpose of advising and, if necessary, 
of carrying out investigations which may be required by manu- 
facturers for the solution of special problems. 


We venture to hope that this Memorial may receive your 
favourable consideration for the reasons summarised below: 


(1) Many branches of industry dependent upon foreign 
chemical manufacture have been seriously affected by the 
war. The development of these industries in this country 
requires a very large amount of expert co-operation, and in 
view of the leeway which has to be made up, a considerable 
increase in the number of research workers is necessary in 
order to hasten progress and to ensure the permanent 
retention of the new manufactures after the war. 

(2) A Standing Advisory Committee comprising some of the 
foremost chemists in the country is already available as an 
organisation for the service of the nation in the present 
emergency. We suggest that this Committee, if suitably 
strengthened, might form the nucleus of an organisation 
such as we have in view. 

(3) It is believed that if the Government would give official 
support to the formation of such a Chemical Committee 
under the auspices, say, of the Board of Trade, the con- 
fidence of manufacturers would be secured to an extent that 
has hitherto been unrealisable. With increased facilities 
of communication between manufacturers and expert 
advisers, it may confidently be anticipated that such advice 
would be more and more sought by those concerned, and 
our chemical industries benefited to a corresponding extent. 


The President and Council of the Royal Society beg leave to 
assure you that the services of the Fellows are, as they always 
have been, at the disposal of the Government. In presenting 
this Memorial they are actuated solely by the. desire to promote 
the interests of a group of large and important industries which 
have been particularly affected by the war. It is outside the 
province and beyond the resources of the Society as a purely 
scientific organisation to undertake administrative control of any 
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scheme which may be formulated with the immediate object of 
developing trade and manufacture, but realising the vital import- 
ance of, and necessity for, a more intimate association between 
scientific experts and the leaders of industry, they urge most 
earnestly upon your Government to take the subject of this 
Memorial into serious consideration. 


March 1, 1915. 


MEMORIAL PRESENTED BY THE CHEMICAL SOCIETY TO THE 
GovERNMENT ON THE PosITION oF CHEMICAL INDUSTRIES. 


We, the President, Officers and Council of the Chemical Society 
have had under earnest consideration the position of chemical 
industry in the United Kingdom, as revealed and affected by the 
present conditions arising as a consequence of the European War. 
The situation appears to be fraught with so much danger to the 
future welfare of the country generally, that we desire to bring 
the following points to the notice of the Governmert. 

Though, during the past thirty years, there have been some 
signs of progress in the application of science to the chemical manu- 
factures of the country, there can be no doubt that in this 
respect we are still far behind several foreign countries, especially 
Germany, where it has been fully recognised for more than half a 
century that “scientific research work, carried out in the labora- 
tory, is the soul of industrial prosperity.” 

As representatives of chemical science we 
Causes of the Backward are of opinion that the main causes of the 
Condition of Chemical |, ward condition of chemical industry in 
Industry. y 
this country have been: 


1. The defects of our educational system and particularly th 
lack of recognition of the importance of research as an 
essential part of the training of the student of science. 

2. The want of scientific knowledge on the part of the com- 
munity at large, especially of manufacturers, and the ron- 
appreciation of the true value of scientific research. 

3. The lack of organisation amongst various chemical and allied 
industries. 

4. The almost total want of sympathy and co-operation between 
manufacturers and wcrkers in pure science. 

We are mindful of the fact that the Royal 

Government Grants Society receives grants from the Govern- 

Sor Reseaneh. ment for the encouragement of research, 
and we are also aware that the principle of developing industry 
by the promotion of scientific research has been admitted in the 
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case of Rural Industry by the Development Act. We have also 
noticed with satisfaction that the Government proposes to spend 
a sum of money on research work in connexion with the manu- 
facture of dye-stuffs in this country. We venture, however, to 
suggest that this system of subsidising research work requires much 
wider development, and should be extended so as to apply to 
manufactures generally. It is possible to point to only a few 
instances of chemical factories in this country where operations are 
sufficiently controlled and developed on scientific lines. It will be 
difficult to alter this condition of things in a short space of time, 
and hence we now urge the Government to take strong and prompt 
measures to secure the closer co-operation of manufacturers and 
scientific workers. 

We believe that this could best be attained 
by the founding, under the egis of the 
Government, of some Central and National 
Committee of scientific men, including representative manufac- 
turers. The Intelligence Department of the Board of Trade 
collects statistics of exports and imports, but this work, valuable 
so far as it goes, is imperfect and insufficient. Among the duties 
of the new Committee should be: 


Suggested National 
Committee. 


1. To investigate systematically the chemical industries of the 
country and to inquire into the connexion of these indus- 
tries with each other and with those closely allied, such as 
the Textile Industries. 

2. To inquire into the sources of raw materials required by these 
industries. 

3. To ensure that such sources shall not be monopolised by 
foreign manufacturers, and that the chemical products 
essential to our great industries shall be manufactured in 
sufficient quantity in this country. 

4. To promote what may be termed national researches in con- 
nexion with such raw materials and industries. 

5. To inquire into the means of promoting the manufacture of 
(a) fine chemicals for the purposes of teaching and research, 
(5) glass for optical and other purposes; and to consider 
the question of the wider use of duty-free alcohol and 
allied solvents in chemical industry. 

6. Generally, to advise the Government on the most feasible 
means of making the Empire chemically self-supporting. 


Should such a National Committee be 
formed, the organisation of research would 
be an essential feature of its work, and we 


Necessity for 
Immediate Action. 
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would urge the absolute necessity for immediate action on two 
main grounds: 


1. It will be impossible to carry out the manufacture of dyes, 


drugs and other fine chemicals hitherto made chiefly in 
Germany until much research work has been done on the 
methods of preparation, not only of the finished products, 
but also of the intermediate materials required for their 
manufacture, and this must involve the expenditure of a 
large amount of time. Obviously the first essential is to 
organise research in this direction, and that without delay. 


2. Such work will necessitate the services of many of the most 


Co-operation of 
the Chemical Society. 


eminent investigators in this country and of their assistants. 
Every day’s delay makes the realisation of this object more 
difficult, because numbers of our younger workers have 
joined, and are still joining, His Majesty’s Forces, so that 
the staffs of many of our Colleges and Universities are 
even now largely depleted, and for this reason the future 
supply of research workers may be almost entirely cut off. 


We beg to assure the Government of the 
hearty co-operation of specially qualified 
Fellows of the Chemical Society in any such 


scheme as may be formulated on the above-mentioned lines. 


Signed on behalf of the Chemical Society, 


ALEXANDER Scott, President. 
M. O. Forster, Treasurer. 


SAMUEL SMILES Honorary 
James C. Puitip | Secretaries. 


Foreign 


ArtTHuUR W. CROSSLEY } 


Secretary. 


: 
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CIX.—A Method for the Volumetric Estimation of 
Lead. 


By Frank Dovetas Mies. 


Very numerous methods have been proposed for the volumetric 
estimation of lead, but in many instances their use remains limited 
to the determination of lead in a simple solution of a salt, and 
they are, therefore, not available for lead sulphate, in which form 
lead is very usually separated from other metals. 

The methods of titration in use are both direct and indirect. 
Few compounds of lead exist which can be quantitatively precipi- 
tated by a solution of a soluble salt, for a slight excess of which 
a suitable indicator is available. On this account, the direct 
methods of titration are small in number. The titration by means 
of a solution of ammonium molybdate, devised by Schindler 
(Zeitsch. anal. Chem., i888, 27, 137), and adapted by Alexander 
to the analysis of ores (Zngin. and Min. Journ., 55; A., 1893, i, 
599), and Beebe’s ferrocyanide method (Chem. News, 1896, 78, 
18), are the best known examples of the direct methods. The first 
has the advantage of being applicable to solutions of lead sulphate 
in such solvents as sodium acetate, but is, in any case, of only 
moderate accuracy, on account of the unsatisfactory behaviour of 
tannin as an indicator for a soluble molybdate. The second 
method can only be used for lead in a solution slightly acid with 
acetic acid, although under these conditions the use of a uranium 
salt as indicator allows the end-point to be fixed with fair exact- 
ness. 

Other direct methods have received consideration, but by far 
the greater number, descriptions of which are found in the litera- 
ture, are indirect in application. The dichromate method is prob- 
ably the best known example. It may be applied in several ways; 
the chromic acid in either the lead chromate precipitate or in the 
potassium dichromate added in excess of that required to 
effect this precipitation may be determined. A very convenient 
procedure is to cause the excess of dichromate to liberate iodine 
from potassium iodide, and, to titrate the iodine with starch. This 
modification is commended by Longi and Bonavia (Zeitsch. anorg. 
Chem., 1898, 17, 158) in a very extensive report on the available 
methods for lead estimation. In spite of some uncertainty regard- 
ing the constitution of lead chromate produced by precipitation 
from solutions of lead sulphate in such media as slightly acid 
sodium acetate, the indirect chromate method remains probably 
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the best of its class (see also Low, “Technical Method of Ore 
Analysis,” 1911, p. 144). 

It is, nevertheless, evident that the volumetric determination of 
lead does not rest altogether on a satisfactory basis. It is remark- 
able that the literature dealing only with the few typical methods 
mentioned is very extensive, and that in it notices of criticism and 
modification of methods are very common (see Weber, Zeitsch. 
anal. Chem., 1903, 42, 628, for a general. report). 

It is evident that there is still a need for a method which is at 
once fairly accurate and rapid, is immediately applicable to lead 
sulphate, and is subject to as little disturbance as possible by the 
presence of such other sulphates as cannot easily be separated from 
that of lead. 

Attempts were accordingly made to liberate the sulphuric acid 
from lead sulphate, and to estimate the lead by titrating the 
liberated acid. Experiment proved that the quantitative con- 
version of lead sulphate into sulphide could readily be carried out, 
and indicated that the estimation of lead depending on it was 
likely to bear comparison, in point of accuracy and of time re- 
quired, with any other volumetric method. It is also an advantage 
that the procedure depends on a thoroughly known and definite 
reaction. 

The method proposed is, of course, a perfectly general one, 
although its application to lead sulphate does not seem to have 
been worked out. Other methods involving acidimetry, however, 
have been devised. Ruoss (Zeitsch. anal. Chem., 1898, 37, 427) 
proposed to make use of the reaction between lead sulphate and 
baryta in boiling solution, by which a basic salt of the composition 
PbSO,,PbO and barium sulphate were said to be formed. His 
method consisted in precipitating the sulphate from a neutral solu- 
tion of lead by means of excess of sodium sulphate, boiling, and 
titrating the liquid holding the lead sulphate in suspension, with 
baryta-water. Only one numerical result is given; the suitability 
of the procedure to deal with lead sulphate produced by evapora- 
tion with sulphuric acid, and the error introduced by the initial 
presence of metals other than lead, are not discussed. 

Koenig’s method (Bull, Zeitsch. anal. Chem., 1902, 41, 653) 
entails the conversion of the sulphate into carbonate by digestion 
with a solution of ammonium carbonate, washing the carbonate 
free from water, and dissolving it in a measured volume of standard 
dilute nitric acid. By titration with standard alkali, after methyl- 
orange has been added, the excess of acid—and, indirectly, the 
amount of lead—can be determined. This method is reported on 
favourably by Bull, who used it in the assay of lead ores, and also 
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investigated the effect of other metals in admixture with the lead. 
Barium and calcium were naturally found to cause high results. 
Bismuth and antimony were apparently without effect, although it 
is to be noted that in no case was a salt of any of these metals 
added to the lead solution previous to evaporation with sulphuric 
acid, and that, as will be seen later, the main cause of the adsorp- 
tion of metallic salts by the lead sulphate, which occurs during 
the ordinary procedure, was absent. 

In the experiments made to test the method discussed in the 
present paper, quantities of lead sulphate were prepared as re- 
quired, by evaporating with sulphuric acid, until the acid was 
vaporising freely, known volumes of a solution of pure lead nitrate 
containing almost exactly 0°0200 gram of lead per c.c. Preliminary 
experiments were made with lead sulphate, prepared by adding 
excess of sulphuric acid to the lead nitrate solution, filtering, and 
washing with water. It was found that this substance reacted com- 
pletely with a saturated aqueous solution of hydrogen sulphide at 
a temperature of about 30°, but that the sulphate produced by the 
drastic evaporation with sulphuric acid was far more difficult to 
convert. 

In view of the considerable solubility of lead sulphate in hot 
sulphuric acid, it seemed likely that the evaporation and sub- 
sequent cooling would result in the deposition of at least some of 
the salt in a comparatively dense form. A microscopic examina- 
tion proved this to be the case, and made clear the difference in 
behaviour of the two forms. Lead sulphate which has been pre- 
cipitated from a dilute solution by adding concentrated sulphuric 
acid and filtering, consists of a clot of minute, prismatic needles 
(Fig. 1). When this substance is boiled with sulphuric acid, 
it is completely changed in appearance; the minute needles give 
place to much denser, branched, skeletal growths, the branches of 
which are here and there terminated by prism faces. A few four- 
and eight-sided orthorhombic prisms are also to be seen; these have 
evidently crystallised out while the acid was cooling (Fig. 2). 

After further experiment, the following procedure was found to 
be most convenient, and was adopted, with only unessential modi- 
fications, for all experiments performed to test the method, and, 
later, for all lead assays made by it. The mixture of lead sulphate 
and sulphuric acid, produced by evaporation (preferably in a conical 
Jena-glass flask) to the point at which white fumes are evolved, is 
cooled, and 50 c.c. of water are added. After the contents of the 
flask have attained the ordinary temperature, the lead sulphate is 
transferred to a 7 em. filter paper, any washing which is necessary 
to remove soluble sulphates being done with 5 per cent. sulphuric 


Fie. 1. (See p. 990.) 


x 300. 
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acid. The free acid is then removed by washing four times with a 
mixture of equal volumes of alcohol and water, care being taken 
to direct the jet of liquid under the fold of the paper. 

The washed sulphate is then transferred, with the paper, to a 
conical Jena-glass flask of 300 c.c. capacity. A freshly prepared, 
saturated aqueous solution of hydrogen sulphide, to the extent of 
10 c.c. for each tenth of a gram of lead present, is added; the 
upper part of the flask is heated by a Bunsen flame to expand 
slightly the enclosed air, and a red-rubber stopper of good quality 
is inserted and forced home. The flask and its contents are then 
shaken vigorously to disintegrate the filter paper, and are heated 
over the free flame until they are as hot as the hand can con- 
veniently bear. They are allowed to remain for at least twenty 
minutes, the temperature being kept at about 50° by occasional 
heating. Each heating is accompanied by energetic shaking. 

After being cooled under the tap, or in a suitably designed flask- 
cooler, the flask is shaken so that the hydrogen sulphide may be 
partly reabsorbed by the cold liquid, the stopper is carefully re- 
moved, and the adhering liquid washed into the flask. If the 
precautions mentioned are not taken in order to establish a nega- 
tive pressure in the flask before it is opened, serious error may 
result by liquid being blown out when the stopper is withdrawn. 
There should be a marked odour of hydrogen sulphide when the 
flask is opened ; if none can be perceived, the experiment should be 
rejected. In no case should the flask be allowed to stand over- 
night before opening, for in many instances in which delay had 
occurred, an odour of mercaptan was noticed whenever alcohol had 
been used to wash the sulphate, and the sulphuric acid liberated 
was less than the calculated amount. 

The acid liquid is most readily filtered from the lead sulphide 
and disintegrated paper on a filter of paper pulp. A convenient 
arrangement, when many estimations are being made, is to have a 
funnel inserted in one hole of a cork fitting the conical flasks of 
the size mentioned above, and a leading tube, connected to a filter 
pump, fitted into the other hole. A fragment of filter paper is 
moistened, loosely crumpled into a ball about 1 cm. in diameter, 
and allowed to fall into the apex of the funnel. Filter pulp, made 
by shaking a 9 cm. paper in 200 c.c. of water, is then run in, and 
slight suction applied. Through such a filter the acid liquid can 
be run very quickly. The flask is washed out twice with distilled 
water, and the washings also filtered ; finally, the material is pressed 
down with the end of the finger to facilitate the removal of most 
of the liquid. For preparing the filter, performing the filtration, 
and washing, in any usual case, five minutes are amply sufficient. 
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The filtrate is boiled for two minutes to remove hydrogen 
sulphide, cooled, and titrated with V/10- or V /5-sodium hydroxide, 
methyl-red being used as indicator. 

Two modifications of the method are sometimes useful. The first 
is to collect the lead sulphate on a Gooch crucible, either paper 
pulp or asbestos being employed to line the bottom of the crucible. 
By this means, the time required for washing with the alcohol- 
water mixture is reduced, but the removal of the precipitate from 
the crucible to the flask is more difficult than by the method already 
described, and the results, as the figures given in the first table 
indicate, were never found to be so trustworthy. In this con- 
nexion, it may be mentioned that the filter paper seems to be a 
necessity to the complete decomposition of the lead sulphate by the 
hydrogen sulphide. It was found that lead sulphate filtered on 
asbestos in a Gooch crucible never gave the expected quantity of 
sulphuric acid in the next stage of the process. When a piece of 
filter paper had been added, however, the results were normal. It 
is probable that the larger crystals of the sulphate tend to become 
coated with sulphide, which is removed by the abrading action of 
the paper pulp. 

The second modification of the process was found to be of con- 
siderable value in cases where the lead sulphate is necessarily 
mixed with a large amount of finely divided, insoluble matter. 
In such an instance as that of the mixtures of lead and calcium 
sulphates discussed below, the washing with aqueous alcohol 
proves to be extremely tedious. Here it is advantageous to transfer 
the filter paper and precipitate to the decomposition flask as soon 
as the washing with dilute sulphuric acid is over, and to dis- 
integrate the paper thoroughly by shaking it with a little water, 
the usual precautions being taken on closing and opening the flask. 
A few drops of methyl-red solution are then added, and the mix- 
ture is neutralised with N/5-sodium hydroxide. In estimations 
made in this way (method B), the acid in the final filtrate is always 
higher than would be the case if the usual washing (method A) 
were performed. The error is a fairly constant one, however; it 
amounts usually to 1 in 250, and may be eliminated from an esti- 
mation by suitable standardisation of the alkali. It is probably 
due to adsorption by the paper of a small amount of sulphuric acid 
which is removed by the subsequent washing. 

The results of a series of experiments made to test the method 
are given in the table below. In each case, 3 c.c. of sulphuric 
acid were used in the evaporation. Pure assay lead was employed 
in three instances, but in all others the appropriate volume of 
lead nitrate solution was measured out with a pipette. The lead 
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present in each solution used was determined by gravimetric 
estimation as sulphate. 

In order to secure that the lead sulphate produced from a given 
volume of lead solution should be the same in the gravimetric and 
volumetric estimation, the lead sulphate was prepared and washed, 
so far as possible, in the same way in both estimations. In the 
former case, however, Gooch crucibles were used, and the sulphate 
was dried for one hour at 150° before weighing. In the instance 
of the first two solutions prepared : 
19°96 c.c. gave 0°5832 PbSO, containing 0°3985 Pb. 
19°96 ,, , 06054 ,, - 04137 ,, 


TaBLeE I, 
Sodium Hydroxide Solution. 


0°9582 NV/10, 1 c.c. equivalent to 0°009925 gram of lead. 


0°9840 V/5 ” ™ », 0°002038 ‘a - 
Lead Lead 
Lead Sodium found found 
solution hydroxide —_gravi- volu- 
used. required. metric- metric- 
Method. c.c. c.c. ally. ally. 
19°96 40-07(N/10) 0°3985 0-3977 
- 40-02 ,, ‘s 0-3972 
- 40-16 ,, oe 0-3985 
Lead sulphate collected on a 40-12 ,, aa 0-3981 
SRT cccastsvscccuvessndattinbis } » 41-56 ,, 0-4137 0-4124 
a 41-58 ,, ys 0-4127 
29-96 29-26(N/5) 0-5982 0-5964 
A. = 29-32__,, 0-5976 


40-82(N/10) 0-4065 0-4050 


Lead foil weighed out. Sulphate | 47-85 0-4757 0-4749 
collected on PAPCL ....seee- 55-38 Fs 0-5490 0-5495 

‘19-96 40-00 ,, 0°3985 0°3970 

Lead sulphate collected on eS 40:05 ,, on 0-3975 
Gooch crucible ............... | 39-98 ,, = 0-3969 

- 40-22 ,, a 0-3991 

{ 25-05 24-68(N/5) 0-5000 0-5028 
B.+ Lead sulphate collected on paper - 24-64 ,, - 0-5021 
\ | = seem ” 0-5013 


From the first series of figures, comprising the results of eleven 
experiments in which the lead sulphate was collected and washed 
by method A, it will be seen that the mean amount of lead found 
by the indirect titration, calculating from the normality of the 
sodium hydroxide solution, is less than that found gravimetrically 
or originally weighed out, by about 0°20 per cent. In a volumetric 
estimation, this error is satisfactorily small, and may, in any case, 
be eliminated by standardising the alkali with reference to weighed 
amounts of lead. In none of the series of eleven experiments does 
the result fall below the mean of all the results by more than 
0°20 per cent. 
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It is therefore clear that if the preliminary isolation of pure 
lead sulphate can be performed, the accuracy of the proposed 
method of estimation is as high as the accuracy with which a 
volumetric process can generally be conducted without special pre- 
cautions. Nor is the procedure expensive of time; a single estima- 
tion can be carried out, exclusive of weighings, in from an hour 
and a-half to two hours, and three or four worked together require 
very little longer. 

The whole of the operations involved are most readily carried 
out in conical flasks of Jena-glass. Boiling and evaporation can 
be done most rapidly by manipulating the flasks over a Bunsen 
flame working at full power. The liquid in the flask is given a 
swirling motion with the hand, so that even if spirting takes place, 
nothing is lost through the mouth. Preliminary experiments were 
made to test this method of evaporation, but in no case was any 
detectable error found to accompany the evaporation to complete 
dryness of 75 c.c. of liquid. 

For the manipulation of the flasks, an efficient flask-holder, 


which is manageable entirely by one hand, and does not cramp the 
fingers, is absolutely necessary. No such article being readily 
obtainable, the holder represented in Fig. 4 (actual length, 
18 cm.) was made up from iron strip 0°8 cm. wide. Pieces of 
cork shaped to fit the necks of the flasks are fitted into the ends 
of the holder; they are easily renewed. The holder is grasped 
with the hand so that the fingers are inserted into the looped end. 
In this way a broad grip is combined with complete freedom to 
open and close the jaws of the instrument. 


Tue Estimation or LEAD IN PRESENCE oF OTHER METALS. 


The indirect acidimetric method described in the present paper 
is evidently sufficient for the estimation of lead in every case in 
which lead sulphate can be obtained, and lead is the only metal 
present. More generally, lead is accompanied by other metals. 
When a complex substance containing lead is dissolved in hydro- 
chloric or nitric acid, and evaporation with sulphuric acid is 
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employed in order to remove the acids which would increase the 
solubility of the lead sulphate, two causes of complication may be 
present. The lead sulphate may be precipitated with the sulphates 
of the alkaline earth, or may carry down from solution certain 
salts, otherwise soluble, which cannot be removed by subsequent 
washing. It was necessary to ascertain the effect of these occur- 
rences on the accuracy of the proposed method. 

The information on this subject, which is available in the litera- 
ture, was found to be sparse and uncertain. There is general 
agreement in one case, however. It is acknowledged that the com- 
plete separation of lead from antimony or tin, by precipitation as 
sulphate, is impossible, although, by the addition of a tartrate, 
contamination of the lead sulphate by antimony compounds can 
in some measure be prevented (Low, Chem. News, 1893, 67, 178). 
In the case in which either of these metals is present, or in which 
both are present together, the separation is preferably made in 
some other way, often conveniently by means of their sulphides 
(Blakely and Chance, J. Soc. Chem. Ind., 1911, 30, 518). The 
cases of antimony and tin will therefore not be discussed. Among 
other metals important in this connexion, it was thought that 
interference might be expected from calcium, barium, copper, iron, 
and bismuth. The influence of each five metals was investigated. 

The method adopted was to make up a solution of a salt of 
each of the metals in question, and if a definite weight of salt 
could not be weighed out for this purpose, to estimate the weight 
of metallic element in a known volume of each solution. In each 
experiment, a measured volume of such a solution was mixed with 
a measured volume of lead solution, 5 c.c. of sulphuric acid were 
added, the mixture was evaporated, cooled, and diluted with 50 c.c. 
of water. The diluted liquid was boiled for two minutes, and 
then cooled. The amount of lead sulphate which contains 0°4 
gram of lead was found most convenient to manipulate; the 
volume of solution corresponding nearly with this weight of lead 
was accordingly used in each experiment. 

In stating the results, the weight of lead present, as inferred 
from a gravimetric analysis of the lead solution used, has always 
been given. The lead estimated by titration has been calculated, 
where method A was used, from the normality of the decinormal 
alkali; where method B was preferred—in the cases where calcium 
and barium were present—the amount of lead to which 1 c.c. 
of alkali was practically equivalent, was obtained from the mean 
of the last three results of table I, and this figure was used instead 
of that deduced from the normality of the alkali. 
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Estimation in Presence of Calcium. 


The mixture of lead and calcium sulphates filters rather slowly, 
and, when a large amount of calcium is present, requires a very 
long time to wash. By the use of a Gooch crucible, or by sub- 
stituting neutralisation of the precipitate for washing it (method 
B), or by both these means together, the work can be done much 
more rapidly. A solution of calcium chloride, made by dissolving 
calcite in hydrochloric acid, and containing 0°01 gram of calcium 
in 1 c.c., was used. The results are given in table II. 


Taste II. 


Sodium Hydroxide Solution, 1 ¢.c. equivalent to (A), 0°009925 
gram of lead; (B), 0°009881 gram of lead. 


Sodium Lead Lead 
hydroxide found found 
Means of Ca required. volumetri- gravimetri- 
filtration. Method. present. c.c. cally. cally. 
RIED ccscccenccensuceesens A 0-05 gram = 41-30 0-4099 0-4096 
90 (is eee e ee ecenccence B 0-10 —,, 40-36 0-3988 0-3985 
5 _«-—sw# boone een esesenses - 0-20 =a, 40-32 0-3985 9 
EE “hi cascatenenee A 0-40 ~—y, 39-94 0-3964 a 


39-92 0-3962 re 
41-50 0-4101 0-4096 
The results of the tests in which a Gooch crucible was used are, 
as usual, slightly low, but it is evident that the presence of even 
0'4 gram of calcium introduces no considerable error. Such a 
mixture is an extreme instance, and would be represented in a 
practical case by a galena ore containing 72 per.cent. of calcite. 


Estimation in Presence of Barium. 


The introduction of even 0°02 gram of barium was found to 
cause the conversion of lead sulphate to the sulphide to be in- 
complete, and extension of the time of digestion with hydrogen 
sulphide was not found to make it appreciably more complete. 
The first four results in table III were obtained by the ordinary 
procedure. 

It has occasionally been noticed that the presence of barium 
sulphate renders difficult the solution of lead sulphate in sodium 
or ammonium acetate, when both sulphates have been heated with 
concentrated sulphuric acid. Bannister and McNamara (Analyst, 
1912, 37, 242) found that the molybdate titration of lead gave 
low results when barium or strontium was present, and the separa- 
tion of lead in this way was attempted. Low recommends that 
the sulphates obtained in the assay of lead ores containing barium 
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should be extracted with boiling hydrochloric acid to dissolve the 
lead (Low, “Technical Methods of Ore Analysis,” 1911, p. 148). 

In the present case, sodium hydroxide is the most suitable 
solvent. By the following method of dissolving and reprecipitating 
the lead sulphate, normal results can be obtained in cases where 
the barium does not exceed 25 per cent. of the lead; with a higher 
proportion of barium, no practicable method of rendering all the 
lead sulphate open to decomposition by the hydrogen sulphide 
could be found. 

The preliminary evaporation is continued until no liquid 
sulphuric acid remains in the flask. After cooling, 10 c.c. 
of water are added, followed by 10 c.c. of a 30 per cent. solu- 
tion of sodium hydroxide. The alkaline solution is kept near 
its boiling point for about five minutes, with occasional shaking, 
and, after cooling, the lead sulphate is recovered by the addition 
of 50 c.c. of 20 per cent. sulphuric acid. The liquid is cooled, and 
the sulphate collected as usual. Method B is preferable, on 
account of the fine state of division of the precipitate. 

The results of tests are given in table III. All precipitates were 
collected on 7 cm. filter papers, as usual. The lead equivalents, 
in methods A and B, of the W/10-alkali are the same here as in 
table II. A solution of barium chloride containing 0°01 gram of 
barium per c.c. was employed. 


Taste ITI. 

Sodium Lead Lead 

hydroxide found found 

Ba used. volu- gravi- 

Method. present. c.c. metrically. metrically. 

( A 0-02 gram 38-30 0-3801 0-3985 
Ordinary Method ... - — * + caaee 8 
| ” ” ” 29-80 0-2945 ” 

B 0-02 gram 40-47 0-3998 0-3985 
- 0-05 =, 40-22 0-3975 ra 
” ” 7) 40-33 0-3985 ” 
Double precipitation- a 0-10 =z, 40-25 0-3977 a 
- 0-20 _~—_,, 39-92 0-3945 “3 
- i“ a 39-92 0-3945 e 
»” ”? ” 39-67 0-3920 ” 


It is evident that the method of double precipitation is necessary 
even when barium equal to only 5 per cent. of the lead is present, 
but that it is insufficient to secure accurate results when more 
than five times this quantity of barium has to be dealt with. 
Natural barytes, being freely soluble in hot sulphuric acid, is just 
as much a cause of error as the barium sulphate produced in these 
tests. 
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In order to ascertain the cause of this interference, a mixture 
of lead and barium sulphates, in which the relation between the 
weight of the lead and that of the barium was as two to one, was 
prepared by the ordinary method of evaporation with sulphuric 
acid and subsequent addition of water, and was then washed with 
alcohol, dried, and examined under the microscope. In order to 
distinguish between crystals of the two sulphates by Becke’s 
method, the precipitate was immersed in methylene iodide, the 
refractive index of which is intermediate between the mean re- 
fractive indices of the two substances in question. An oil- 
immersion lens of 2 mm. focus was employed. By these means, 
the precipitate can be seen to consist of minute prisms of lead 
sulphate, clusters of which are cemented together by a matted 
mass of indistinctly crystalline barytes (Fig. 3) Here and there 
the barium sulphate completely encloses the prisms. The whole 
forms a confused mass, with no appearance of parallel growth of 
the two sulphates. 

The solubility of barium sulphate in hot sulphuric acid is 
much greater than that of the corresponding lead compound, 
and it has much less tendency to crystallise from the cooled 
solution than the lead sulphate, although in any case such a 
crystallisation results in deposition of barium hydrogen sulphate, 
which is immediately decomposed by water. It is evident from 
these facts (Liés-Bodart and Jacquemin, Compt. rend., 1858, 46, 
1207) and from the microscopic appearance of the mixed precipitate, 
that the addition of water causes all the barium salt very rapidly to 
crystallise out and partly to enclose the lead sulphate which is 
simultaneously being precipitated, as well as that which has crystal- 
lised previously. 


Estimation in Presence of Copper. 


The introduction of copper was not found to cause sensible error. 
The tests were made by method A. No special precautions were 
found necessary. The boiling after the addition of the 50 c.c. 
of water must, of course, not be omitted. A solution of copper 
sulphate, containing 0°02 gram of copper in 1 c.c., was made by 
dissolving electrolytic copper foil in nitric acid and evaporating 
with sulphuric acid. Table IV contains the results. 


VOLUMETRIC ESTIMATION OF LEAD. 


TaBLe IV. 
1 c.c. Sodium Hydroxide equivalent to 0°01082 gram of lead. 
(Method A.) 
Sodium 
hydroxide Lead found Lead found 
Cu present. used. c.c. volumetrically. gravimetrically. 
0-1 gram 36-73 0-3975 0-3985 
02 ,, 38-15 0-4128 0-4137 
” ” 38-20 0-4134 ” 
0-4 4, 38-17 0-4131 af 
” ” 38-25 0-4139 ” 
0-8 ,, 38-24 0-4138 = 
ie 38-10 0-4123 am 


Estimation in Presence of Iron. 


Very many tests were made in which solutions containing lead 
and iron were evaporated with sulphuric acid. The conditions 
were varied as widely as possible, but the lead sulphate was in- 
variably contaminated with a ferric salt, which could not be 
removed by washing. In every case in which a salt of iron had 
been initially added, no matter what subsequent procedure was 
adopted, the liquid from which the lead sulphide had been filtered 
off was found to contain more or less ferrous sulphate, produced 
by the reducing action of hydrogen sulphide on the ferric salt 
attached to the lead sulphate. In all such cases, the end-point 
of the titration, as indicated by methyl-red, was slightly indefinite, 
and the volume of alkali required was abnormally high. 

The colour of the lead sulphate was found to be no indication of 
its purity. When small amounts of iron were present previous to 
the evaporation, the titration was not found to be seriously in 
error, but the colour of the residue was frequently pale lemon- 
yellow or brown. Larger amounts of iron were observed to cause 
very considerable error, yet the residue had very often no per- 
ceptible tinge of colour. 

Once the ferric salt has become attached to the lead sulphate, 
washing is powerless to remove it. Varying statements are to be 
found in the literature regarding the time which should be de 
voted, after the epulsion of volatile acids by sulphuric acid and 
the subsequent dilution with water, to heating the solution in 
order to secure solution of all ferric sulphate. In the course of 
these tests, it was found that all soluble ferric salt dissolved almost 
at once on boiling; heating for more than two minutes longer is 
useless. The experiments, of which the results are given in table 
V, were made, as usual, in this way, with the exception of that. 
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marked (a), in which instance boiling was continued for half an 
hour, with frequent agitation, and those marked () and (c), in 
which the sulphate was washed free from the acid liquid which 
contained most of the iron, and boiled three times with successive 
quantities of 25 c.c. of 5 per cent. hydrochloric acid. It is evident 
that neither procedure is of any use. 

Varying the amount of sulphuric acid used for the evaporation 
had no effect. The contamination was found to be less when hydro- 
chloric acid was added than when sulphuric acid was used alone; 
the presence of nitric acid was found slightly to increase it. A 
series of tests was accordingly made, in each of which the nitric 
acid in the usual volume of the lead nitrate solution was destroyed 
by repeated evaporation with hydrochloric acid. A measured 
volume of a standardised solution of ferric chloride was then added 
in each case, followed by 15 c.c. of concentrated hydrochloric and 
5 c.c. of concentrated sulphuric acid. Evaporation, filtration, and 
washing were carried out as usual. The results of the subsequent 
titrations are given in the lower section of table V; those in the 
upper section were made with ferric sulphate. 


TaBLeE V. 


1 c.c. Sodium Hydroxide equivalent to (Method A) 0°009925 gram 
of lead. 


Sodium Lead (apparent) Lead found 
hydroxide found by gravi- 
Iron used. used. c.c. titration. metrically. 
40-18 0-3988 0-3942 
“ 40-13 0-3983 
am 40-43 0-4013 
(as chloride) 39-87 0-3957 
39-90 0-3960 
39-90 0-3960 
40-15 0-3985 
40-18 0-3988 
40-20 0-3990 


Even when such favourable conditions hold as those under which 
the second series of results in table V was obtained, the presence 
of 0°4 gram of iron is the source of an error of 1°2 per cent. The 
error is sometimes much greater; abnormally large amounts of 
iron are occasionally carried down for no apparent reason. 

It was ascertained, after trying many expedients, that the iron 
could be almost entirely removed by dissolving the lead sulphate 
in hydrochloric acid and evaporating again with sulphuric acid. 
After the acid remaining from the first evaporation has been 
diluted and cooled, the liquid is filtered off,‘as much of the pre- 
cipitate as possible being kept in the flask. The residue is then 
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washed with 5 per cent. sulphuric acid, and dissolved by heating 
with a mixture of 15 c.c. concentrated hydrochloric acid and 10 c.c. 
of water; 5 c.c. of concentrated sulphuric acid are added, and the 
evaporation and dilution performed as before. 

The solution finally titrated in tests made in this way contained 
only traces of iron. On the other hand, unless care is taken to 
cool the liquid before each filtration, some loss of lead sulphate 
may occur. The results are given in Table VI. Percentage errors 
are given in the last column but one, and in the last the corre- 
sponding figures for the tests of table V. 


TaBLE VI, 
(Method A.) 


Sodium Lead Lead 
hydroxide (apparent) found Error 
Tron used. found by gravi- Error from 
added. c.c. titration. metrically. per cent. Table V. 


0-075 gram 41-37 0-4105 0-4096 + 0-22 


0-15 ,, 41-29 0-4097 99 -+- 0-02 

- 39-82 0-3952 0-3942 +0-25 
0-30 39-62 0-3932 — 0-25 

% ’ 39-87 0-3957 +-0-37 
0-45 39-70 0-3940 — 0-05 
41-28 0-4096 0-00 
a 41-23 0-4091 —0-12 
0-60 39-64 0-3934 — 0-20 

99 39-70 0-3940 — 0-05 
0-90 =, 41-50 0-4118 +0-55 
1-20 41-45 0-4113 +0-42 


Estimation in Presence of Bismuth, 


The results given in table VII show that the lead sulphate 
carries down sufficient bismuth sulphate under the usual conditions 
to render the results invalid. Solution of all bismuth is not to be 
effected by boiling the diluted acid liquid. In the test marked 
(a), the liquid was kept gently boiling for half an hour. 

The tendency to the deposition of basic bismuth sulphate was 
met by increasing the volume of sulphuric acid added to 10 c.c.; 
a series of tests made with bismuth, but with no lead, showed that 
with this amount of acid no basic sulphate should be formed 
on dilution under the usual conditions, unless the bismuth present 
amounted to 0°6 gram. Nevertheless, 0°02 gram introduces a 
serious error. The interference can hardly be due to hydrolysis 
of the bismuth sulphate, and is more probably due to deposition 
of the two sulphates from the concentrated acid solution, during 
cooling, in such a form that the bismuth cannot be dissolved out. 
Bismuth sulphate has a marked solubility in hot sulphuric acid. 
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TaB.Le VII. 
(Method A.) 
1 c.c. Sodium Hydroxide equivalent to 0°01082 gram of lead. 
Lead 
Sodium (apparent) Lead — 
Bismuth hydroxide found by found gravi- Error 
added. used. c.c. titration. metrically. per cent. 
0-02 gram 38-60 0-4177 0-4137 +1-0 
0-05 ,, 38-53 0-4170 o +0-8 
0-10 =, 38-70 0-4187 a +1-25 
0-20 ,, 38-80 0-4197 os +1-5 
0-20(a) ,, 38-70 0-4187 te + 1-25 
0-30 =, 38-51 0-4168 » -+0-80 


From the results of this series of experiments, it is quite clear 
that the separation of lead from other metals as sulphate, by 
evaporation with sulphiric acid, is very liable to be incomplete. 
The solubility in the concentrated acid of the sulphate of the 
added metal is certainly the cause of the interference in the case 
of barium and probably also in that of bismuth. Ferric sulphate, 
on the other hand, has no perceptible solubility in hot sulphuric 
acid, and the adhesion of this salt seems to occur before the acid 
has become concentrated. 

Partly on account of the high atomic weight of lead, the 
accuracy of the present method is more affected by the adhesion 
of salts which react with hydrogen sulphide than is the gravimetric 
method. In the gravimetric estimation of lead in such mixtures 
as have been considered, the contamination of the lead sulphate 
would, however, be considerable in many cases, and is probably 
often overlooked. For instance, the volumetric estimation of lead 
in a mixture of this metal with an equal weight of iron has been 
seen to be in error by about 1°20 per cent. Assuming that the 
adhering salt is normal ferric sulphate, this corresponds with 0°52 
per cent. of impurity in the lead sulphate, or to 0°21 per cent. if 
the precipitate is heated to such a temperature that ferric oxide is 
the only remaining compound of iron. 


Tue EstiImMaATIon or LEAD IN OREs. 


In order thoroughly to test the method, the estimation of lead 
in a number of specimens of galena in association with other 
minerals was undertaken, and the results were compared with those 
obtained by the gravimetric method. 

A solution of sodium hydroxide was first standardised. This is 
best carried out by treating a weighed quantity of pure assay lead 
foil with 5 ¢.c. of concentrated sulphuric acid, and boiling until 
no free sulphur is to be seen inside the flask, then cooling, and 
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diluting as usual. The solution of sodium hydroxide was 0°1046N ; 
the calculated lead equivalent was therefore 0°01082 gram per c.c. 
The results are given below: 


Lead value of 

Weight of Sodium sodium 

lead hydroxide hydroxide 

Method. taken. used. c.c. solution. 
A. 0-4080 37-62 0-01085 
0-4280 39-40 0-01087 

0-4295 39-60 0-01085 

B. 0-4300 39-76 0-01081 
0-3647 33-73 0-01081 


For the volumetric estimation, the finely powdered ore was 
treated with a boiling mixture of two volumes of concentrated 
hydrochloric acid and one volume of water (galena dissolves at 
once in hot acid of this strength), nitric acid being added towards 
the end of the decomposition if pyrites was present. Volatile 
acids were expelled by evaporation with sulphuric acid. After the 
liquid had been diluted and boiled, the lead sulphate and insoluble 
matter were collected, and treated as already described. In the 
case of ore No. 3, which contained a fairly large amount of iron, 
double evaporation was performed. The presence of barium 
sulphate in No. 6 necessitated solution and reprecipitation of the 
lead sulphate. 

For the gravimetric estimation, the decomposition of the ore 
was carried out in the same way until the lead sulphate and in- 
soluble matter had been collected. The former was then extracted 
by washing the precipitate and paper with hot 20 per cent. 
solution of ammonium acetate. Lead sulphide was precipitated 
from the acetate solution by means of ammonium sulphide, 
collected, freed from iron by washing with a mixture of very dilute 
sulphuric acid and an aqueous solution of hydrogen sulphide, and 
dissolved in hydrochloric acid. Re-evaporation with sulphuric acid 
was then carried out. Finally, the lead sulphate was collected in 
a Gooch crucible, and dried at 150°. 

The gravimetric estimation of lead in one ore—the mixture of 
galena and barytes—was found to be very difficult. Evaporation 
with sulphuric acid cannot be employed here. Extraction of all 
lead by means of hydrochloric acid is impracticable, because a 
small amount of lead sulphate is always precipitated with the 
barytes which separates out as the solution cools. Fairly satis- 
factory extraction of the lead was attained by attacking the ore 
with hydrochloric acid, evaporating almost to dryness, adding 
excess of sodium hydroxide, and filtering, this procedure being re- 
peated with the residue. Lead sulphide was obtained, and dealt 
with as before. , 
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Of the specimens assayed, (1) was almost pure galena, (2) con- 
tained a tittle pyrites and some silica, (3) contained a little copper, 
and more iron pyrites, with a siliceous gangue, (4) consisted of 
galena, limonite, and silica, (5) was composed of about equal 
weights of galena and calcite, and (6) was the specimen of galena 
associated with barytes, already mentioned. Table VIII gives the 
results. 


Taste VIII. 
Lead per cent. Lead per cent. Other constituents 
end found estimated. 
No. Method. volumetrically. gravimetrically. Per cent. 
lL. A 84-2 84-3 
ro 84-0 
3. ~ 72-7 73-0 Fe=2-59; Cu=0-73 
%> ” 72-8 
3. ‘is 40-1 40-2 Fe=9-:3; Cu=0-95 
” i: 40-2 
4. - 73-2 73-4 Fe= 3-4 
5. B 45-3 45-3 Ca=18-1 
6. - 72-3 72-1 Ba= 8-15 


The method gives results which are very close to those obtained 
by the rather laborious operations of obtaining pure lead sulphate 
and weighing it, in about one-fourth of the time. Compared with 
the two principal volumetric methods in use—the molybdate and 
indirect dichromate methods—it has marked advantages. The 
molybdate process, in the simple form devised by Alexander, is a 
little more rapid, but gives erroneous results in the presence of 
calcium (Bannister and McNamara, Analyst, loc. cit.), and the 
end-point—which is never a definite one—is liable to be obscured 
altogether by the action of iron on the tannin. The present 
method requires much less time than the modification of 
Alexander’s original process which has been devised by Low 
(“Technical Methods of Ore Analysis,” 1911, p. 149) to avoid 
these difficulties ; it is unaffected by the presence of large amounts 
of calcium, can readily be adapted to the assay of ores containing 
moderate amounts of barium, and is not liable to any unavoid- 
able disturbance of the end-point. 

The method which has been discussed in this paper is at once 
more rapid and more accurate than the indirect dichromate 
method, and is not subject to any constant error corresponding 
with that caused by the lead chromate being always precipitated 
in a form which is more or less basic. 

In conclusion, the author wishes to express his thanks to Mr. 
W. F. P. M’Lintock, B.Sc., of the Royal Scottish Museum, for 
much valuable suggestion and assistance. 


Heriot-Watt CoLiece, 
EDINBURGH. [Received, May 29th, 1915.] 
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CX.—The Properties of Cold-worked Metals. 
Part I. The Density of Metallic Filings. 


By Tuomas Martin Lowry and Recinatp GrorcE PARKER. 
Cold-working and Annealing of Metals. 


Ir is well known that many metals may be hardened by cold- 
working, for example, by hammering, rolling, swaging, spinning, 
and wire-drawing. Each of these processes renders the metal highly 
elastic and brittle, with the result that the metal can no longer 
be worked without cracking or fracture. The effects of working 
can be removed by annealing at a suitable temperature, which 
may vary from atmospheric temperatures to a bright red heat. 
The following figures, which are given by Rose (Forty-third 
Annual Report of the Mint, 1913, 54) for the softening tempera- 
tures of the metals, are quoted for comparison with those which 
we have used in our experiments on the annealing of metallic 
filings: 
Complete Complete in 


Softening in about less than 
begins. 4 hour. a minute. 
MII ccasehinnckcadebeteas 80° 130° 200° 
GE cctasocncnbecnsvdd 80 400 500 
COMMER cecccsesesecssosse 275 360 400 
| eee 300 700 _- 
BED scnccmiecsetnetasduind 15 125 — 
Ti. Hetnidisnsannoeiiahe 10 50 100 
NOE vdiinscsonnstusthesecs —20 15 — 


It will be seen that tin softens (within about twenty-four hours) 
at the ordinary temperature, whilst lead can be hardened only 
when cooled artificially; gold and silver show signs of softening 
below 100°, copper and nickel only at much higher temperatures. 

Many explanations have been given to account for the effects of 
cold-working, and especially for the hardening which is so often 
produced in this way. The most important is the phase theory 
of Beilby (Third Hurter Memorial Lecture, J. Soc. Chem. Ind., 
1903, 22, 1166; Phil. Mag., 1904, [vi], 8, 258; Second May 
Lecture, J. Inst. Metals, 1911, 6, 5), according to which a hard, 
glassy, amorphous phase is produced on the surface during polish- 
ing, and in the interior wherever slipping takes place during the 
deformation of the metal. 

A partial explanation of some of the effects of cold-working is 
given by the strain theory of Heyn (Fourth May Lecture, J. Inst. 
Metals, 1911, 12, 3), who, by an ingenious method, has measured 
the actual stresses set up in cold-worked metals, and has shown 
that the tension and compression may amount to 3000 to 4000 
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kilos. per sq. cm., or, roughly, 3000 to 4000 atmospheres. In the 
special case of steel, polymorphism has usually been invoked to 
account for the hardness produced by quenching the white-hot 
metal; but there are important observations on record which show 
that the y-form of iron is not necessarily hard; in recent years, 
therefore, even the hardness of steel has been attributed on the 
one hand to the production of Beilby’s amorphous phase as a 
result of the stresses set up during quenching, or on the other 
hand to effects produced directly by the stresses themselves.* 

Beilby’s amorphous phase can be destroyed, and the crystalline 
structure visibly regenerated, by annealing. In the case of gold, 
no change of structure took place below 220°, but crystallisation 
began at about 230°, and well-formed crystalline grains were pro- 
duced at about 280°. The softening of a gold wire, as judged by 
the loss of mechanical stability caused by annealing, took place 
chiefly between 250° and 300°, but was most marked at 280°, whilst 
an electrical test showed that the most rapid change took place 
between 230° and 300°. The temperature of 280° may therefore 
be taken as the chief crystallising or annealing temperature for 
gold. The corresponding temperature for silver was practically 
the same, but that for copper was 50° lower at 230° (Beilby, May 
Lecture, 1911). Earlier observations (Beilby, 1904) on mechanical 
softening had given the annealing temperatures as follows: 

Ag 230—265° Cu 250—290° 
Au 250—280° Mg 300—360°. 

Attention must also be directed to the experiments of E. Cohen 
(Trans. Faraday Soc., 1915, 10, 216), which indicate that a large 
number of metals undergo a reversible change of state in the 
region betwéen 0° and 100°, the transition-temperatures hitherto 
recorded being as follows: 

Bi 75° Cd 628° Cu 70° Zn? Sb 101° Pb about 70° 


It should be noticed that these are real transition-temperatures, 
which may be determined to a small fraction of a degree, whereas 
those given by Rose and Beilby are merely the approximate 
temperatures at which a metastable phase begins to revert with 
measurable velocity to the stable condition. 


Metallic Filings. 


Whilst many experiments have been made on wire and foil, 
metallic filings have been studied very little. There is, however, 


* See discussions on papers by Carpenter and Edwards, and by McCance in 
the J. Iron and Steel Inst., 1914, 89, 138, and a General Discussion on “ The 
Hardening of Metals,” Trans. Faraday Soc., 1915 10, 207; compare also 
Muir, Proc. Roy. Soc., 1903, [A], 71, 89 
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good reason to think that they may represent a very extreme form 
of cold-working, since small particles of metal on which much 
energy has been expended are constantly removed from the surface 
of the mass, exposing a further portion to the drastic action of 
the file. Direct measurements of elasticity and tensile strength, 
such as have been made in the case of rolled sheets and hard- 
drawn wires, cannot be made in the case of filings, and it would 
be equally difficult to measure their hardness. The experiments 
of McBain and his colleagues on the properties of “dental alloy” 
have shown, however, how much can be done in other ways to 
investigate the changes produced by this particular method of 
cold-working. It has long been known, as a matter of technical 
interest and importance, that this alloy, which consists mainly of 
the compound Ag,Sn, behaves very differently when freshly filed 
and when the filings have been aged by keeping for some weeks, or 
artificially by heating to 100° for a few minutes. In particular, 
the fresh filings, when amalgamated with mercury, set without 
change of volume, but with aged filings a marked contraction 
occurs.* Again, Knight and Joyner (T., 1913, 103, 2247) have 
shown by careful quantitative measurements that the filings retain 
more than twice as much mercury when fresh as when aged. 
Finally, Knight (T., 1914, 105, 639) has measured directly the 
contraction of the alloy on annealing, a change which is in the 
opposite direction from that which might have been expected at 
first sight, in view of the larger contraction of the aged alloy 
during setting. 

The chief purpose of the present research was to extend our 
knowledge of the properties of metallic filings by measuring care- 
fully the changes of density and volume which are produced, first, 
by filing, and then by annealing the filings at different tempera- 
tures. The interpretation of the facts, and their bearing on the 
different theories of cold-working and of hardening, were secondary 
questions, the consideration of which could safely be postponed 
until evidence had been accumulated on a more extensive scale. 
This postponement of theoretical deductions was, indeed, almost 
compelled by the complexity of the facts themselves as they were 
gradually disclosed in the course of the investigation. Thus we 
found that volume-changes sometimes occurred in opposite direc- 
tions when a batch of filings was annealed first at a lower and 
then at a higher temperature ; copper filings and copper wire also 
were found to change in opposite directions when annealed at 

* The amalgamation is always accompanied by @ contraction, amounting 
to nearly 4 per cent., but this is complete before setting (Ag,Sn+4Hg= 


Ag,Hg,+Sn) begins to take place:(McBain and Knight, Report of the Intern. 
Dental Congress, 1914). , 
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100°. Facts such as these could not be explained offhand by 
means of existing theories, which gave no indication either of the 
direction or of the magnitude of the changes of volume produced 
by partial annealing, or of the temperatures at which these changes 
might be expected to occur. It was, indeed, only after we had 
spent more than a year in extending our observations over wider 
ranges of temperature and to larger numbers of metals that we 
felt competent to make any attempt to classify or to discuss the 
results which we had obtained. 


Changes of Density Produced by Cold-working and Annealing. 


The changes of volume which take place when cold-worked 
metals are annealed supply a link whereby the effects of cold- 
working in its most diverse forms may be compared and corre- 
lated. These changes have therefore been made the chief subject 
of the present research, as well as of a further investigation on 
wires and fojls, which is already in progress, 

The practical difficulties of such an investigation are consider- 
able, on account of the small magnitude of the changes of density 
and volume, as well as the high density of the metals in which 
these changes are observed. Thus the data of Kahlbaum (J. Chim. 
Phys., 1904, 2, 537) for copper wire showed a maximum change of 
density on annealing of less than 0°02 gram per c.c., whilst the 
change of volume was only 1 part in 500. Two methods of in- 
vestigation have been used, namely, (1) with pyknometers and 
(2) with dilatometers. The first method was used to determine 
the actual densities of the filings in comparison with the massive 
metals from which they were prepared; but even in its most 
refined form it was found to be unsuitable for experiments on the 
small changes of density produced by partial annealing at low 
temperatures. In these cases, the whole effect was often repre- 
sented by a difference of only half a milligram on a series of six 
weighings, and it was difficult to be sure of the results even when 
measurements were confirmed by duplicate and triplicate observa- 
tions. For these more delicate tests, dilatometers were used, and 
were found to possess very great advantages. Very small changes 
of volume could be detected, and the course of the change could 
be followed from minute to minute and from hour to hour. The 
readings could then be plotted in the form of smooth curves, the 
regularity of which carried complete conviction as to the reality of 
the phenomena under observation in a way that was impossible 
in the case of isolated measurements with the pyknometer. The 
dilatometer was also very well adapted for experiments on the 
progressive annealing of metallic filings at temperatures increas- 
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ing gradually from 80° to 240°, this temperature being the highest 
at which we have hitherto used this method. Above 240° it is 
difficult to avoid decomposition of the liquid in the dilatometer, 
and we have usually been obliged to revert to the pyknometer in 
order to measure the larger changes of volume which are produced 
by complete annealing. 

Earlier experiments have established by many observations the 
broad, general rule that the density of a metal is diminished by 
working and increased by complete annealing. Thus Kahlbaum 
found (Zeitsch. anorg. Chem., 1905, 46, 217) that strained wires 
(drawn, pressed, or twisted) always increased in density on anneal- 
ing, and Johnson and Adams (J. Amer. Chem. Soc., 1912, 34, 
563) found a similar effect even in the case of bismuth, which 
Spring (Rec. trav. Chim., 1904, 23, 1) had recorded as an excep- 
tion to the general rule. Altogether, the rule has been verified 
in the case of ten metals and six alloys, as set out in the following 
list, where the numbers in brackets show the changes of density 
multiplied by 10,000. 

Kahlbaum, 1901, compression from 10,000 to 12,000—20,000 
atm.—Pb (159), Cd (87), Cu (60), Ag (41), Au (7). 

Spring, 1904, pressed wire and rolled metal annealed.— 
Pb (59, 62), Cd (126, 121), Sn (75, 30), Ag (211, 165). Pressed 
bismuth, as an exception, gave (— 168). 

Kahlbaum and Sturm, 1905, strained wire annealed.—(a) 
Drawn, Pt (67), Pt-Ir (172), Au (96), Al (36), Cd (37), Ni (841), 
Cu-Al (140). (0) Pressed, three fusible alloys, (74, 103, 512). 
(c) Twisted, Pt (327), Pt-Ir (159), Au (102), Ni (139). 

Johnson and Adams, 1912, pressed wire annealed.—Bi (75). 

Brislee (Trans. Faraday Soc., 1913, 9, 162), changes on anneal- 
ing.—Al-sheet (9), wire (30), drawn rod (23), and bar (15). 

Knight, 1914, filings annealed.—Ag,Sn (920). 

If the observations of Johnson and Adams on bismuth are 
accepted in preference to those of Spring, no exception has yet 
been recorded to the general rule, according to which, when once 
the cracks and hollows have been closed, the density of a metal 
is always diminished by working. This is somewhat surprising, 
since the rule applies, not only to wire-drawing and stretching 
where tensile stresses predominate, but also to hammering and 
rolling, where the stresses are mainly compressible, and even to 
the almost pure hydrostatic pressures applied by Spring. 

Spring concluded, however, that “compression only diminishes 
the volume of a solid when it is able to flow.” It therefore 
appears that pure compression has little or no permanent influence 
on the density of a compact metal; but as soon as deformation 
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and slipping take place, a change of state occurs, in consequence 
of which the volume of the metal increases, notwithstanding that 
the metal may be under strong compression all the time. 

Spring’s unconfirmed observation on the exceptional behaviour 
of bismuth was in line with the fact that bismuth is the only 
metal which contracts on fusion, but (as Johnson and Adams have 
shown) this contraction might become an expansion under the 
totally different conditions prevailing in a cold-worked metal. 


Changes of Density Produced by Filing. 

Our own observations on the density of metallic filings confirm 
the general rule that the density of the worked metal is less than 
that of the metal as purchased. This is shown by the figures 
given in table I, which also indicates the source of the metals used 
in all the experiments now described. Opposite effects are seen in 
only two cases, magnesium and platinum, in both of which the 
density of the mass was below the figure usually accepted for the 
density of the metal. 


TaBLe I.—Changes of Density Produced by Filing. 
Density Density 


Metal. of mass. of filings, Difference. 
Magnesium.............++0+0++ K. 1-7381 1-7429 -+0°0047 
Aluminium.............+0ee0+ C.P. 2-7040 2-7027 —0°0013 
BRMEROEY 20.00000cccccccccceee K. 6-6908 6-6585 —0-0323 
TRB a cccccveccscccccccseocesescese K. 7-1374 7-1323 —0-0051 
TD cccccecccccsecccecccsosccececs C.P. 7-2877 7-2784 —0-0093 
BBG cccecccnccccececesessoocces K. 7-8558 7-8172 —0-0386 
Cadmium  .......cccceeeereeees K. 8-6445 8-6255 —0-0190 
GOES cccccccccccsscccocccccce K. 8-7706 8-7453 —0°0253 
TERETE ccccccccccocescccscccees K. 88583 8-8299 —0°0284 
COBBEE cccccccccccccecccccccese K. 8-9153 8-8900 —0°0253 
RE ccccccccccccccscccces K. 9-8093 9-7798 —0-0295 
TIBUGEE ecccccescceccccesccccescces J.&M. 10-4960 10-4786 —0-0174 
BA cececcccsecvecccesccceososs C.P. 11-3368 11-3337 —0-0031 
Palladium ............see+e++ J.&M. 12-0173 11-9863 —0°0310 
er J.&M. 192818 19-2169 —0-0649 
Platinum  ............ceeceeeee J.&M. 21°3351 21-3705 +0-0354 


These observations are not conclusive as to the real density of 
the worked metal, since the filings may possibly enclose air. We 
believe that this is actually the case with filings of gold, a soft 
metal which is almost unique in possessing the property of cold- 
welding. Experimental evidence of the existence of cavities in 
filings of metallic gold is found in the fact that three samples of 
filings from the same block showed very divergent densities, for 
instance, as compared with the brittle metal antimony, thus: 


BID :cccnsonesnechitens 19-2066 Antimony ............... 6-6523 
19-2134 6-6524 
19-2307 6-6531 
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The uncertainty which these cavities may cause in the inter- 
pretation of the measurements of density is, however, greatly 
diminished when the changes of density which are studied are 
those which are brought about by the converse process of anneal- 
ing. Thus, the three samples of gold filings in which cavities were 
undoubtedly present behaved in very much the same way when 
annealed at 100°, just as if the hollow spaces were preserved intact 
throughout this process. The figures, which are given below, 
indicate a transient increase of density followed by a reversion 
almost to the original value. 


TasLe II.—Density of Gold Filings Annealed at 100°. 


0 hr. 3 hrs. 6 hrs. 12 hrs. 18 hrs. 20 hrs. 
19-2066 19-2182 19-2048 19-2088 19-2002 19-2017 
0-2134 0-2282 0-2085 0-2161 0-2168 0-2168 
0-2307 0-2422 0-2302 0-2254 0-2324 0-2300 
19-2169 19-2295 19-2145 «19-2168 19-2165 19-2162 


The individual errors of measurement are necessarily large, on 
account of the high density of the filings, of which only a few 
grams were available, so that it is only when an average is taken 
that even the third decimal can be trusted. The general course 
of the annealing is shown, however, quite clearly by these averages, 
in spite of the fact that the densities of the different samples vary 
in the second decimal place, whilst the final change of density is 
confined to a few units in the fourth decimal. 


Complete Annealing of Metallic Filings. 


In further confirmation of the general rule, we have made a 
number of experiments which indicate that the complete anneal- 
ing of metallic filings is always accompanied by a contraction of 
volume. Only in the case of gold has this final contraction been 
observed within the limits of our experiments with the dilato- 
meter, but it has been proved in several cases by measurements 
made with the pyknometer. The most striking cases are set out 
below. 


Taste III.—Changes of Density Produced by Complete Annealing. 


(a). Silver. 1. 2. 3. Difference. 
Density of mass 10-4794 10-4799 10-4892 +0-0095 
= 10°4960 10-4779 10-4789 10-4905 +0-0121 
10-4790 10-4898 +0-0108 


1. Fresh filings. 2. After keeping sixteen hours under ethylene 
bromide in the pyknometer. 3. Annealed two hours at 300°. 
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(b). Cadmium. 1. 2. Difference. 
Density of mass 8-6279 8-6337 +0-0058 
= 8-6445 8-6236 8-6332 +0-0096 
8-6251 8-6316 +0-0065 
8-6255 8-6328 + 0-0073 


1. Before annealing. 2. Annealed two hours at 250°. 


Before 100° 
(c). Antimony. anneal- r a ~ 290° 500° 
ing. hrs. 14 hrs. 6 hrs. 5 hrs. 
Density of mass 6-6523 6-6570 6-6580 6-6654 6-6641 
= 6-6908 6-6524 6-6577 6-6586 6-6673 6-6658 
6-6531 6-6572 6-6582 6-6690 = 
6-6526 6-6578 6-6663 
Diff. : +0-0052 +0°0085 


Partial Annealing at 100°. 


When annealing is carried to completion in a single operation, 
it is impossible to distinguish the effects which may be produced 
by the release of mechanical strain, by alterations of texture and 
structure, and by changes of state such as those which have been 
postulated by Beilby and others. When, however, the annealing 
is carried out at a series of temperatures increasing progressively, 
say from 80° to 300°, these complex effects may be to some extent 
unravelled. Thus, it is possible under these conditions for the 
various forms of strain which have been locked up in the metal 
to be released separately, one after the other, producing changes 
of density which may vary, not only in magnitude and in velocity, 
but also in direction. This step-by-step annealing is, indeed, a 
most important factor in helping to solve the problem of the real 
nature of the alterations which take place during the cold-working 
and annealing of metals. 

When we began our experiments we expected, in view of the 
general rule that complete annealing is accompanied by an increase 
of density, to find that similar changes (although, perhaps, much 
smaller and slower) would be produced by partial annealing at 
lower temperatures. We were, therefore, much surprised when we 
discovered that zinc filings increased in volume when annealed at 
100°, and we were specially careful to establish the genuineness of 
this unexpected change. Later, it appeared that the expansion 
shown by zinc at 100° was the rule rather than the exception at 
these lower temperatures, and the burden of proof was diverted 
to the case of antimony, which showed a contraction. As these 
two types of behaviour are fundamental, it will be convenient to 
summarise here the evidence by which they were established. 


et 
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The behaviour of sixteen metals at 100° was as follows: 


Expansion No marked change Contraction 
Aluminium Magnesium Cobalt 
Zinc Iron Nickel 
Cadmium Palladium Copper 
Tin Platinum Silver 
Lead Gold Antimony 
Bismuth 


The reality of the expansion and contraction was proved by the 
following tests: 

(1) The expansion of zinc and the contraction of antimony, to 
take two typical cases, were demonstrated by smooth curves show- 
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Changes of volume produced by annealing at 100°. 


ing the gradual change of volume whilst the metals were being 
annealed in the dilatometer (compare Fig. 1); zinc which had been 
annealed in a vacuum during fifty hours at 100° produced no 
change at all in the position of the meniscus when heated during 
a further ten hours in a dilatometer at 100°. 

(2) In order to prove that these changes did not depend on the 
liquid in the dilatometer, zinc and antimony were annealed, both 
under xylene and under paraffin, at 100°. Curves were also 
plotted for the annealing of these two metals under amyl benzoate 
at 80°. The expansion of zinc and the contraction of antimony 
were thus observed three times over in the dilatometers. 


VOL, CVII. 3 xX 


1014 LOWRY AND PARKER: THE PROPERTIES OF 


(3) In order to guard against the possibility that the changes 
in volume might be due to some external source of disturbance, 
for example, to uncompensated changes of temperature or pressure, 
metals which expanded and metals which contracted were examined 
simultaneously in pairs, and were found to change in opposite 
directions. In this way, we compared together zinc and antimony 
at 80°, cadmium and antimony at 100°, aluminium and copper at 
100°. Two of these pairs of curves are shown in Fig. 1. 

(4) In order to eliminate altogether the influence of the dilato- 
meter, a series of experiments was made with the pyknometer to 
confirm the contrast between zinc and bismuth on the one hand, 
and antimony on the other hand. The results were as follows: 


TaBLe [V.—Changes of Density Produced by Annealing at 100°. 
After 


Before. r ~ Differ- 
a——— Average 2 hrs. 4 hrs. l6hrs. Average. ence. 


Zn ... 71326 71320 71-1323 7-1301 71307 17-1303 17-1304 —0-0019 
Sb ... 66587 66583 6-6585 6-6651 6-6646 6-6677 6-6658 +0-0073 
Bi ... 97804 97792 9-7795 9-7744 9-7713 9-7730 9-7729 —0-0066 

(5) Finally, it may be noticed that some confirmation of our 
novel grouping of the metals may be derived from a comparison 
of this grouping with the periodic classification of the elements. 
Thus, zinc and cadmium, tin and lead, nickel and cobalt, copper 
and silver, are grouped together in pairs; magnesium, iron and 
gold, which might be expected to associate themselves with three 
of these pairs to form triads, are found in the neutral group of 
metals, which show no marked change in either direction. Anti- 
mony and bismuth, which differ more widely from one another (for 
example, in atomic weight) than most of the other pairs, are a 
notorious exception, but their opposite behaviour has been proved 
both with the dilatometer and with the pyknometer. The case of 
gold is discussed below in a separate paragraph. 


Partial Annealing at 180° and 240°. 


The experiments at 180° and 240° were rendered difficult, not 
only by the natural obstacles to dilatometric measurements at these 
higher temperatures, but also by the tendency of the metals to 
produce “gassing.” This gassing, which had already been 
observed when zinc had been heated at 100° under xylene for 
about twelve hours, took place within a short time at. 180° in the 
case of aluminium, antimony, and nickel, and at 240° in the case 
of zinc, cadmium, copper, iron, and bismuth. It could be 
attributed either to the liberation of occluded gas from the metal 
or to catalytic decomposition by the finely-divided metal of the 
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hydrocarbon used to fill the dilatometers. Whatever the cause, 
the occurrence of gassing could always be recognised by the fact 
that the increase of volume proceeded faster and faster, until read- 
ings could no longer be taken, whereas, apart from gassing, the 
rate of change of volume always diminished until steady readings 
were obtained. 

The changes of volume which took place at these higher tempera- 
tures were remarkably uniform. Of the twelve metals which 
survived in the experiments at 180°, platinum and iron remained 
inert, gold produced a very large and rapid fall in the meniscus; 
the remaining nine metals all showed a marked expansion. Of the 
five metals which survived the tests at 240°, platinum again re- 
mained inert, magnesium began to contract, whilst the three re- 
maining metals continued to expand. 

There can be little doubt that the rapid shrinkage of gold at 
180° represents the final stage in the complete annealing of the 
metal, in connexion with which a marked contraction is to be 
expected, in accordance with the first general rule set out above. 
The same change also appears to be beginning in magnesium at 
240°. The change of volume produced during the earlier stages 
of the annealing process appeared at first to be almost entirely 
chaotic; but the experiments at 180° afford full justification for 
putting forward a second general rule, according to which the final 
contraction of volume on complete annealing is always preceded by 
an expansion. This expansion was observed even in the case of 
three of the metals (copper, silver, and cobalt) which contracted 
at 100°; nickel and antimony, which behaved in the same way at 
100°, could not be examined at the higher temperature on account 
of the liberation of gas. Platinum and iron, which showed no 
marked change of volume at any temperature, can hardly be re- 
garded as exceptions to the new rule. Gold, which appeared at 
first to belong to the same class as platinum and iron, was found 
on closer examination to afford a dramatic verification of the rule, 
and an unique example of successful prediction in this group of 
phenomena. 

The general nature of the changes of volume produced by partial 
annealing is shown in table V, in which the rise or fall of the 
meniscus in the dilatometer is tabulated. The numbers in brackets 
indicate the corresponding changes in density multiplied by 
10,000; the last column shows the change produced by complete 
annealing, as measured in the pyknometer. The numbers for 100°, 
180°, and 240° represent consecutive changes in the same sample; 
those for 80° and for the final annealing represent changes 
observed independently in filings not previously annealed. 
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Taste V.—Changes of Volume Produced by Partial Annealing. 


80° 100° 180° 240° Final. 

Aluminium............ — rise (3) gas _ —_ 

eSeesececocccssoce —- rise (5) _— _— — 
MEE. ebsecaevcocecssecscs _- rise (15) _—rise (13) melts —_— 
DED, waccctexiese — rise (13) _rise (59) gas —_ 
Cadmium ..........+. -— rise (26) rise (23) gas FALL (72) 
SRiscnpesescostbecsecce rise (33) rise (26) rise (71) gas — 
Magnesium............ — nil rise (6) _— fall (12) _ 
ee — nil nil gas = 
Palladium ............ = nil rise (14) rise (34) -- 
Platinum .........++. —- nil nil nil —_ 
EE -- nil FALL —_— _ 
EEEEED seccscosccscccsece _- fall (34) _—rise (20) rise FALL (108) 
REED sécccesescsesce -- fall (23) rise (42) gas -- 
(aaa —- fall (3) gas — _ 
a _- fall (26) rise(113) rise —_ 
Antimony .......+0++. fall (39) fall (46) gas — FALL (137) 


The Annealing of Gold. 


Special interest attaches, for various reasons, to the annealing 
of gold. Its great purity and its freedom from corrosion have 
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Changes of dines produced by annealing at different temperatures. 


caused it to be used for many experiments in which it was neces- 
sary to guard against oxidation, and the real or imagined activity 
of films of oxide. The behaviour of the metal has been studied 
in great detail by Beilby, who has published an excellent series of 
microphotographs to demonstrate the changes of structure which 
take place during annealing. It should be noticed, however, that 
whilst Beilby places the annealing temperature at about 280°, Rose 
has recorded a much lower temperature—about 130°. This differ- 
ence in the behaviour of different samples of gold is now well 
recognised, and has been attributed to the presence or absence of 
hydrogen. Our metal, which annealed abruptly when heated to 
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180°, was evidently in the same condition as that which was studied 
by Rose. 

A second point of great interest occurred in connexion with the 
annealing of gold at 100°. When the metals were first classified 
into groups, it was considered to be a sufficient responsibility to 
mark those which showed a definite expansion and those which 
showed a definite contraction on annealing at 100°. All those 
which showed no decided change, either in one direction or the 
other, were placed in a neutral group, which included magnesium 
(minute contraction?), iron (minute expansion’), palladium 
(minute expansion?), platinum (minute contraction?), and gold, 
which appeared to contract and then to expand slightly. In deal- 
ing with changes so minute and so novel, we did not feel justified 
in making any definite statement for publication. When, how- 
ever, the results of our experiments on sixteen metals had been 
collected and tabulated, it was seen that gold might be expected 
to fall into line with the related metals, copper and silver, which 
showed first a contraction, and then an expansion, on partial 
annealing at 100° and 180°, prior to the final contraction on com- 
plete annealing. An inspection of the annealing curve for gold, 
as reproduced in Fig. 1, shows that this metal actually contracts 
first and then expands when heated without change of tempera- 
ture at 100°, the final volume being very nearly equal to the 
volume before annealing. In other words, the changes which took 
place sucessively when copper and silver were heated first at 100° 
and then at 180° could actually be seen following one another con- 
secutively at constant temperature when gold was heated at 100°. 

This remarkable conclusion, which was first suggested by analogy, 
was fully confirmed by the remainder of the observations which 
we had recorded for metallic gold. A second dilatometer curve, 
although rather more ragged, showed just the same initial fall and 
subsequent rise; and, finally, a reference to the measurements 
made with the pyknometer, p. 1011, shows that during the first 
three hours of annealing the density rose by 0°0126 gram per c.c., 
but that it afterwards diminished again practically to its original 
value. 

In view of this threefold experimental confirmation, we have no 
hesitation in asserting that gold must be placed, with copper and 
silver, in the category of metals which first contract and then 
expand prior to the final contraction on complete annealing. 


Summary and Conclusions. 


(1) The experiments which are now described are in agreement 
with those of all the earlier workers in showing that complete 
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annealing is accompanied by a contraction of volume, This con- 
traction we ascribe without hesitation to the recrystallisation of 
amorphous material produced by working, as postulated by Beilby. 

(2) The contraction is, however, preceded by an expansion of 
volume, which appears to be universal and independent of the 
nature of the metal. This change has also been recognised by 
Beilby, who has made a point of annealing his metals at a low 
temperature in order to bring them to a uniform condition before 
attempting to determine the effects produced by the recrystallisa- 
tion of the amorphous material. 

(3) In the case of certain metals, namely, gold, silver, and 
copper, cobalt, nickel and antimony, the intermediate expansion is 
preceded in its turn by a preliminary contraction, which appears 
at present to be a specific property of a limited group of metals. 
In the case of gold, the preliminary contraction and the inter- 
mediate expansion can be observed to take place consecutively 
when the metal is heated at 100°. 

(4) The process of annealing may thus involve three distinct 
changes, of which only the last has hitherto been clearly described 
and explained, whilst the other two remain open for speculation. 
It happens that there are also two theories waiting to be attached 
to precise experimental data, since we have no knowledge, as yet, 
of the physical effects which may be produced by the mechanical 
strains discovered and measured by Heyn, nor do we yet know 
the bearing on the properties of worked metals of allotropy, a 
phenomenon which was vaguely invoked by Kahlbaum, but has 
become a concrete reality in the hands of Cohen. Whether any 
justification can be found for associating the intermediate ex- 
pansion with release of mechanical strain, and the preliminary 
contraction with some unexplored form of allotropy, is a question 
which only the future can decide. 

(5) Certain experimental methods which have been developed in 
the course of the work are held over for detailed description in a 
separate paper. 


The incidental expenses incurred in connexion with this 
research have been defrayed by grants from the Dental Council 
of Guy’s Hospital Dental School, for which we desire to express 
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the donor of the scholarship in Dental Metallurgy in connexion 
with which the research was undertaken. 
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EXPERIMENTS ON SUPERSATURATED SOLUTIONS. 


CXI.—Experiments on Supersaturated Solutions. 
By Marian Jones and James Rippick PaRTINGTON. 


In a recent communication (W. J. Jones and J. R. Partington, 
Phil. Mag., 1915, [vi], 29, 35), the importance of the theory 
of surface energy in the study of supersaturation has been 
emphasised. 

The present communication deals with “supersaturated solutions 
of the second type” (loc. cit.), that is, those in which deposition 
of solid is produced by rise of temperature. 

The substances investigated were calcium butyrate, calcium 
acetate, and calcium sulphate in the form of natural gypsum 
crystals of great purity. 

Aqueous solutions of calcium butyrate and acetate saturated 
at 18° and 14°, respectively, were prepared. According to Holle- 
man (“Organic Chemistry,” Eng. edit., p. 111): “When heated 
to about 80° a solution of calcium n-butyrate saturated at 0° 
deposits considerable quantities of the salt.’”’ Our experiments 
show that considerable amounts of salt are deposited before the 
temperature reaches 50°, when the solution is heated in an open 
tube. : 

A solution of the acetate was boiled to expel air, cooled rapidly 
in ice, and, when the deposit had redissolved, the solution was 
heated in a test-tube under a layer of paraffin oil. An amorphous 
solid separated at the junction of the oil and solution at 100°, 
but deposition in the bulk of the solution did not occur. On 
cooling, long needles separated. 

The butyrate solution, heated in an exhausted flask, cooled, and 
then heated as above under paraffin oil, deposited crystals at 42°. 

The solubility curves obtained by Lumsden (T., 1902, 81, 355) 
show that the solid deposited from calcium butyrate solutions is 
the monohydrate; the calcium acetate dihydrate is stable up to 
84°, beyond which the monohydrate exists in contact with the 
saturated solution. In the experiments last described, no deposi- 
tion at all occurred throughout the whole range of existence of 
the dihydrate. 

Although the butyrate and acetate of calcium, and especially 
the former, are adapted to the demonstration of the existence of 
supersaturated solutions of the second type, they did not prove 
suitable for a quantitative investigation of the joint effect of 
temperature and size of particle on the solubility, which was re- 

quired to test the theory of Gibbs (Joc. cit.). 
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As the experimental substance gypsum was finally selected, since 
it has many advantageous properties. It occurs naturally in large 
flat crystals, which are very pure, and may be used directly for 
the preparation of normally saturated solution; it is very soft, 
and may easily be reduced to an impalpable powder; it is not 
very readily soluble, so that the percentage change of solubility 
with the size of the solid particles is perceptible; it is an electro- 
lyte, and thus the changes of solubility are easily followed by the 
conductivity; its solution is not acted on by air or atmospheric 
carbon dioxide; and, finally, its curve of normal solubility has 
been accurately determined (G. Hulett and L. Allen, J. Amer. 
Chem. Soc., 1902, 24, 667), and exhibits a maximum at 40°, so 
that by making measurements at 20°, 40°, and 60° the theory 
may be tested under such conditions that the heat of solution is 
positive, zero, and negative respectively. 

Normally saturated solutions of gypsum were prepared at the 
temperatures 20°, 40°, and 60° (approx.) by bringing together 
large crystals and distilled water in a flask immersed in a thermo- 
stat, and stirring with a spiral glass stirrer driven at the rate 
of about 120—200 revolutions per minute until the concentra- 
tions remained constant. 

The concentration of the normally saturated solution at 19°60° 
was found by precipitation of barium sulphate (after removal of 
calcium as oxalate) to be 14°98 millimols/litre, and by evapora- 
tion in a silica crucible, followed by heating over the blowpipe 
and weighing as calcium sulphate, to be 14°86 millimols/litre. 
The mean is 14°92 millimols/litre. The value for 19°6°, deduced 
from Hulett and Allen’s curve (redrawn at temperatures below 
40°, where these authors took rather too high values as correct in 
smoothing their curve), is 14°92. 

The concentration at 40° (estimated as calcium sulphate) was 
15°42 millimols/litre. Hulett and Allen’s value for 40° is 15°41. 

At 60° the concentration of the solution was not measured, but 
the number interpolated from the results of Hulett and Allen was 
taken. The latter are in excellent agreement with the present 
values at 20° and 40°. 

The rate of solution at 19°6° was about twenty times as slow as 
that found by Hulett and Allen, although they used a much 
slower rate of stirring (compare Brunner and Tolloczko, Zeitsch. 
anorg. Chem., 1901, 28, 314). 

The specific conductivities, x, of the three normally saturated 
solutions used were found to be, in mhos. per centimetre cube: 


PH scccecccvces 19-60 40-00 59-95 
K eeereseceees 0-001980 0-002892 0-003624 
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Kohlrausch and Holborn (“Leitvermégen der Elektrolyte,” p. 
77) give, for the specific conductivities of solutions prepared from 
finely powdered gypsum, the following numbers: 


B  ccocceccesee 18 19 20 21 
HE cecccccccees 0-001891 1940 1990 2039 


whence, at 19°60°, x=0°001970. 

At 18° Hulett and Allen give x=0°001830, which, corrected 
by the temperature-coefficient of Kohlrausch, gives at 19°60° 
x=0°001860. 

At 40° Hulett and Allen found x=0°002845. At 60° they give 
no measurement. 

The gypsum powders used were prepared by grinding the 
crystals for some time in an agate mortar, and finally sieving 
through silk. 

Solutions saturated with the fine powders were made by stirring 
about 30 c.c. of the normally saturated solution (or other solution 
to be described) with about 0°1—0°25 gram of the powder. 
Samples of the liquid were decanted directly into the conductivity 
cell from time to time. In some cases the liquid and powder were 
put into the cell, which was then frequently shaken. 

In the experiments with the fine powders, it was necessary to 
prove that the resulting solutions were in equilibrium with the 
solids. For this purpose, in each case, two sets of experiments 
were made, in the first of which the stationary state was 
approached from the side of the lower concentrations by solution 
of powder in an unsaturated solution, and in the second the 
stationary state was reached from the side of higher concentra- 
tions by precipitation on the powder from a supersaturated solu- 
tion prepared by evaporation in a vacuum. The same stationary 
state resulted in both cases, which proves that the solutions were 
in equilibrium with the solid phases. 

The following values of the specific conductivities of the solu- 
tions saturated with fine powder at various temperatures were 
found in this manner: 


FH  ccocccccenss 19-60 40-00 59-95 
HE sccecccecese 0-002068 0-003153 0-003765 


The concentrations of these solutions were then calculated from 
those of the normally saturated solutions at the same temperatures 
by means of the values of x. 

If the concentrations of two solutions are nearly the same, the 
degree of ionisation, a, is approximately constant, and the con- 
centrations are proportional to the specific conductivities. The 
values calculated are: 
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8 obs. millimols/ 
e litre. s cale. for r=. 
19-60 15-67 15-70 (+ 0-03) 
40-00 16-21 16-15 (—0-06) 
60-00 15-09 15-15 (+0-06) 


The theory of the influence of the size of the particles of a 
solid solute in contact with its saturated solution, on the concen- 
tration of the solution, was first developed in a general form by 
J. W. Gibbs, and was then applied to specific cases by later 
investigators (for details, see W. J. Jones, Ann. Physik, 1913, 
[iv], 41, 441). 

The theory, in its application to the problem in hand, is con- 
tained in the formula: 


i ee lt me e oS Re 4 
M —— pr (1) 


where # is the gas-constant, 7 the absolute temperature, M the 
molecular weight of the dissolved substance, o the energy per unit 
area of the surface of separation of the solid and solution, p the 
density of the solid, s, and s,, the concentrations of the solute 
when spherical particles of radius r, and plane surfaces of the 
solid, respectively, are in contact with the solution. s, is the 
ordinary solubility, and is called the “normal solubility” of the 
substance. 


TABLE. 
.r=O0-5u. pw. Qu. Su. 4u. Bu. 10x. 50u. eo 
Concentration in Millimols/litre. 


0 1440 13-64 13-28 13-16 13-10 13-07 13-00 12-93 12-93 
10 15-69 1489 1451 1438 14:32 1428 14-21 14-15 14-14 
20 16-53 15-72 15-33 15-20 15-14 15:10 15-03 1497 14-95 
30 16-94 16-13 15-75 15-62 15-56 15-52 15-45 15-38 15-37 
40 16-93 16-15 15-77 15-65 15-59 15-56 15-49 15-42 15-41 
50 16-50 15-74 15-41 15-28 15-23 15-20 15-13 15-07 15-06 
60 15:84 15-15 14:82 14-70 1466 14-63 14-56 14-51 14-50 
70 15-12 1448 14-17 14-07 14-02 13-99 13-93 13-88 13-87 
80 14:37 13-78 13-49 13-41 13-35 13-33 13-27 13-23 13-22 
90 13-56 13-02 12-76 12-68 12-66 12-61 12-56 12-52 12-51 


In the case of gypsum, we have: «=1050 erg./cm.? at 25° (com- 
pare W. J. Jones (loc. cit.); p=2°33; R=8315x10" erg./1°; 
M =136 (CaSQ,). 

If it is assumed, as a first approximation, that o/p is in- 
dependent of temperature (compare W. J. Jones and J. R. Part- 
ington, loc. cit.), then 


2x136x1050 1 
» + (2) 


log 2, =} 0°4343 .— 7 
cll dita 8315 x lu’x 233 r7* 


from which the solubility curves of gypsum for various values of 
r and 7 may be calculated. The results are exhibited in the 
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table and in the curves of the diagram. (The dotted curve 
is that for the value r=50,, and is so drawn to distinguish it 
from curve r=, with which it practically coincides.) 


17-0 

16-8 
16-6 
16-4 
16-2 
16-0 
15-8 
15-6 
15.4 
15-2 
15-0 
14-8 
14-6 
14-4 


14-2 
14-0 
13-8 
13-6 
13-4 
13-2 
13-0 
12-8 
12-6 
12-4] ' ' 
0 10 20 30 40 50 60 70 80 90 
s Temperature in degrees. 


Concentrations in milligram-molecules/litre. 


Curve. Value of r. Curve. Value of r. 
1 0-5u 6 5-Ou 
2 1-Ou 7 10-Ou 
3 2-Ou 8 50-04 
4 3-Ou 9 oo 
5 4-0u 


It will be observed that the influence of size has practically dis- 
appeared with radii greater than 50 u. 
The three experimental numbers obtained, marked *, lie 
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very close to the curve for r=p, whence it may be inferred that 
the grains of powder used had very approximately the radius 
p=10-* cm. 

Although investigations of the solubility of fine powders have 
been made by Hulett, they were at one temperature only ; observa- 
tions have never, so far as the present authors are aware, been 
extended to different temperatures, a procedure which was neces- 
sary to establish the validity of Gibbs’s theory. 

Equation (1) applies, with unchanging M, only to non-ionised 
solutes over a range of concentrations. W. J. Jones (loc. cit.) has 
deduced an equation for an ionising solute which obeys Noyes’ 


dilution law: 
t= 6 212)" cen « o's Ve 


where a is the degree of ionisation, v the volume of solution con- 
taining a gram-molecule of solute, and k, m are constants. In 


this case, 
Qo RT{ n -a,.m-—1 a 
ges OD eset | - — —___ log, A 4 —_ bog, i}. (4 


where a, and a, are the ionisations in saturated solutions of the 
solute in the form of planes and of spheres of radius r respectively, 
and n is the number of ions produced. 
The dilution law investigated by one of the present authors 
(Partington, T., 1910, 97, 1158), 
a2 a 
Ee iinet (+e ie aoe 


where X and & are constants, gives 


2o0_ RT| 9 a l-a 
“f= “23 (1 — k)(a, —a,) — (2 — k)log,? - Blog, 72! 
ae ee Noges alog. “+ (6) 


where 


—(K-ks)+ j/(K+ks)?+4Ks " 
a= 3 : + ere 
2s(1 +k) 


which fixes the solubility s for any given temperature and radius. 

Since, however, the value of « deduced by W. J. Jones was 
calculated from Hulett’s results by means of the simpler formula 
(1), it was evident that the latter must be used in the present 
investigation. A more exact method of calculation is at present 
excluded by the lack of data on the ionisation of calcium sulphate. 

The bearing of the results on the theory of supersaturation 
recently advanced (W. J. Jones and J. R. Partington, Joc. cit.) 
is obvious. 
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Summary. 


(1) The existence of supersaturated solutions of the second type 
(W. J. Jones and J. R. Partington, loc. cit.) has been proved 
directly in the case of calcium butyrate and calcium acetate, and 
indirectly in the case of calcium sulphate (gypsum). 

(2) The existence of equilibria between finely powdered gypsum 
and solutions in contact with it, with concentrations different from 
those in normally saturated solutions, has been established. 

(3) The solubility curve of finely powdered gypsum has been 
shown to agree with that calculated from Gibbs’s theory, accord- 
ing to which the solubility of a powder is greater than. that of 
planes of the same substance by an amount which may be calcu- 
lated from the energy located at the surface of discontinuity 
between solute and solution. 


CHEMICAL DEPARTMENT, 
MANCHESTER UNIVERSITY [Received, April 26th, 1915.] 


CXII.— Yohimbine (Quebrachine). 
By Georce BarcEer and ELLen FIELp. 


Tue identity of the alkaloid from Yohimboa-bark with quebrachine 
from Quebracho-bark has been established by Fourneau and Page 
(Bull. Sci. Pharmacol., 1914, 21, 7), and confirmed by Ewins (T., 
1914, 105, 2739), and strictly, therefore, the older name 
quebrachine should be applied to the alkaloid from either source, 
but since its chemical and physiological properties have mostly 
been recorded under the name yohimbine, we may retain this 
latter name also. 

The chemistry of yohimbine has been investigated chiefly by 
Spiegel (Ber., 1903, 36, 169; 1904, 37, 1759; 1905, 38, 2825), 
who ultimately adopted the formula C,.H,,0,N, for the anhydrous 
alkaloid; Fourneau and Page give the formula C,,;H.O;N,, but 
our own analyses of the alkaloid and of its derivatives all agree 
well with Spiegel’s formula. For the base itself, crystallised from 
benzene and dried at 100°, we found: 


0°2079 gave 0°5480 CO, and 071358 H,O. C=71'8; H=7°3. 
01202 ,, 03156 CO, ,, 0°0810 H,O. C=71'6; H=75. 
C.,H,,0;N, requires C=71'7; H=7°6 per cent. 
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We further confirmed the presence of one methoxy-group: 


0°1970 gave 0°1266 AgIl. OMe=8'5. 
Co.H.,0,N. requires for one methoxy-group OMe=8'4 per cent. 


The alkaloid sublimes below its melting point, with only slight 
decomposition. At 210—220°/8 mm. very thin needles were 
formed, melting at 220° (uncorr.). 

According to Spiegel, yohimbine can also exist in a hydrated 
form, C..H,O,N,; the salts correspond with the anhydrous form. 
This is, to some extent, reminiscent of cotarnine and hydrastinine, 
where the free bases contain the elements of a molecule of water 
more than the salts. Winzheimer (Ber. Deut. pharm. Ges., 
1902, 12, 391), who drew attention to this similarity, failed, how- 
ever, to obtain compounds analogous to cyanocotarnine by treat- 
ment with potassium cyanide, or to hydro- and oxy-hydrastinine 
by treatment with potassium hydroxide. We now find that the 
analogy is supported by the composition of yohimbine methiodide, 
which, contrary to Spiegel’s assumption (Chem. Zeit., 1899, 28, 
59), contains the additional molecule of water, even when pre- 
pared from the anhydrous base and dried at 100°. When 01 
gram of yohimbine is dissolved in 20 c.c. of acetone and 0°1 c.c. 
of methyl iodide is added, the methiodide slowly crystallises; it 
melts somewhat indefinitely at about 250°: 

0°1184 gave 0°2278 CO, and 0°0671 H,O. C=52°4; H=6°3. 

0°2230 ,, 01000 Agl. I=24°2. 

CopHy0,No,CH3I requires C=52°3; H=6°25; 1=24°0 per cent. 

Yohimbine, being a monacid tertiary base, unites with only one 
methyl group in the conditions employed, whereas the secondary 
bases, cotarnine and hydrastinine, unite with two methyl groups; 
the methiodides of all three contain an additional molecule of 
water. 


Mono- and Di-bromoyohimbine. 


Yohimbine, dissolved in chloroform, instantly combines with a 
molecular proportion of bromine without evolution of hydrogen 
bromide. One gram of the base in 40 c.c. of solvent, when treated 
with 0°44 gram of bromine, remained in solution, but, on adding 
dry ether, 1°2 grams of a white precipitate were obtained. On 
dissolving this in a little cold alcohol, and adding dry ether, the 
substance separated in micro-crystalline aggregates, melting and 
decomposing at 296—298°. These were moderately soluble in 
water, and represent the hydrobromide of monobromoyohimbine, 
for the solution gives a precipitate with silver nitrate. With 
ammonia, the free base separates, but as we were unable to 
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crystallise it, the hydrobromide was analysed, after drying in a 
vacuum ; 

0°1206 gave 0°0832 AgBr. Br=29°3. 

C..H0,N,Br,HBr requires Br=29°3 per cent. 

Monobromoyohimbine, again treated with a molecular propor- 
tion of bromine in chloroform solution, yields an immediate pre- 
cipitate, the resulting hydrobromide of dibromoyohimbine being 
less readily soluble. It crystallises from a mixture of alcohol and 
ether in small needles, melting at 296°: 

0°1114 gave 0°1730 CO, and 0°0484 H,O. C=42°3; H=4'8. 

01042 ,, 01590 CO, ,, 0°0441 H,O. C=41'6; H=4'7. 

C..H,,0,N,Br.,HBr requires C=42°2; H=4°7 per cent. 

It is noteworthy that both bromo-derivatives, like the 

methiodide, contain a molecule of water more than yohimbine 


itself. 
Yohimbinesulphonic Acid. 


In an attempt to hydrolyse the alkaloid by means of concen- 
trated sulphuric acid, it was found that sulphonation took place 
instead. This points to the existence of a benzene nucleus in the 
molecule, as does the formation of the bromo-compounds (compare 
strychnine) ; the large hydrogen content of yohimbine appears to 
exclude the presence of a second benzene ring. 

One gram of yohimbine was dissolved in 10 c.c. of cold concen- 
trated sulphuric acid, and, after a few minutes, the solution was 
poured on ice. The white solid which separated was dissolved 
by means of ammonia in 250 c.c. of boiling water. On boiling off 
the excess of ammonia, 0°95 gram of crystals separated, melting 
at 292—295°. The acid can be recrystallised from water, in which 
it is very sparingly soluble at room temperature (1: 6000). In 
boiling water, the solubility is 1: 1400: 

0°2042 gave 0°4378 CO, and 0°1103 H,O. C=58'8; H=6°0. 

0°2236 ,, 01140 BaSO,. S=7°0. 

Cy2H2g0,N,8 requires C=58°9; H=6°2; S=7'1 per cent. 

At the suggestion of one of us, Dr. A. J. Ewins recently pre- 
pared the same sulphonic acid from quebrachine (T., 1914, 105, 
2739), thereby further proving the identity of this alkaloid with 
yohimbine. 

Oxidation of Yohimbine. 

Various reagents were tried without success, perhaps owing to 
the small quantities of material available. 

Potassium permanganate yielded, under certain conditions, 
small quantities of crystalline degradation products. The reaction 
was better in aqueous than in acetone solution. 
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Nitric acid behaves in a somewhat similar way to its action on 
strychnine, yielding, finally, a crystalline nitro-compound. Boil- 
ing with concentrated nitric acid for some hours does not produce 
very extensive degradation, but with 25—30 per cent. acid at 
200°, a pale yellow solution results, which, on evaporation, deposits 
six-sided crystals, insoluble in water, but readily soluble in cold 
alcohol. On a small scale, it was found impossible to recrystallise 
them or free them from the mother liquor. 

Hydrogen peroxide in 30 per cent. solution dissolves yohimbine 
almost completely in the course of a few days. On filtration and 
evaporation in a vacuum desiccator, a syrup resulted, which 
was dissolved in alcohol. Acetone precipitated a white, amorphous 
solid, which could not be crystallised. It was purified, as far as 
possible, by repeated solution in alcohol and precipitation by dry 
ether, and was dried in a vacuum, and then at 100°: 

0°1410 gave 0°2796 CO, and 0°0744 H,O. C=541; H=5°9. 

0°1272 ,, 67 c.c. Nz (moist) at 13°5° and 740 mm. N=6'l. 

C,,H,0;9N, requires C=54'1; H=5°6; N=6°0 per cent. 

In spite of the good agreement of the analyses with the formula, 
the latter must be accepted with great reserve, since the sub- 
stance was amorphous. It is evident, however, that hydrogen 
peroxide at room temperature greatly increases the oxygen con- 
tent of yohimbine, without marked degradation. The oxidation 
product is unstable; at 120° it loses weight and darkens, becom- 
ing much less readily soluble in water. 

By fusion of yohimbine nitrate with potassium hydroxide at 
240—280°, we obtained a nitrogenous acid in a yield of 1—2 per 
cent. of the alkaloid employed. This acid crystallised from water, 
and subsequently from benzene, melted at 200°, and on titration 
showed an equivalent of about 100. It would therefore appear 
to be a dicarboxylic acid, probably of quinoline, but we had not 
sufficient material to prepare enough for analysis. 


Degradation of Yohimbine by means of Soda-Lime. 


This we carried out in two ways. The substance obtained by 
Spiegel by removal of a methyl group from yohimbine, and termed 
by him yohimbic acid (Yohimboasdure), might be made to lose 
carbon dioxide by heating with soda-lime and to yield a volatile 
product, particularly since the alkaloid itself is volatile. We pre- 
pared yohimbic acid by boiling yohimbine with alkali, as described 
by Spiegel, and obtained from the acid a crystalline barium salt: 

0°8074 gave 0°1220 BaSO,. Ba=8°89. 

(C.,H_,0,N,)Ba,2C,,H,,O,N, requires Ba=8°83 per cent. 
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The substance was therefore an acid salt. 

Yohimbic acid was then heated with three times its weight of 
calcium oxide in a flask provided with a collar, to prevent the 
distillate flowing back. On heating the flask in a metal-bath to 
320—360°, and exhausting to 4 mm., it was possible to collect 
from 0°5 gram of yohimbic acid 0°1—0°15 gram of a dark brown 
distillate. On dissolving in methyl alcohol and concentrating the 
solution, a small quantity of colourless platelets separated, which 
melted at 167° without decomposition. This still rather complex 
degradation product is a feeble base; its solution in hydrochloric 
acid gives alkaloidal reactions. The investigation of this sub- 
stance is being continued. 

As in the above distillation with lime part of the alkaloid is 
decomposed further, giving a fecal odour, we also heated yohim- 
bine with lime under atmospheric pressure in a current of 
hydrogen. Seven grams, mixed with 60 grams of soda-lime, were 
distilled in four lots. The distillate was extracted with ether, 
first from acid and then from alkaline solution. The extract 
from acid solution coloured red a pine shaving soaked in hydro- 
chloric acid, and possessed the fecal odour already noticed by 
Spiegel (Ber., 1905, 38, 2825). 

After drying, the residue from the ether was dissolved in 
benzene, and yielded with picric acid a rather soluble, red, crystal- 
line picrate, melting at 154—155°: 


0°0642 gave 0°1213 CO, and 0°1970 H,O. C=514; H=3°4. 
C,,)H,,N,C,H;,0,N, requires C=51°3; H=3°3 per cent. 

The substance is therefore an ethyl- or a dimethyl-indole, 
possibly 2: 3-dimethylindole, the picrate of which is stated to melt 
at 157°. The small quantity available did not enable us to 
crystallise the indole itself. 

The ethereal extract from alkaline solution was dissolved in 
alcohol and mixed with alcoholic picric acid solution. A yellow 
picrate separated, and tarry matter. The picrate was purified by 
crystallisation from water, and then from alcohol. It was very 
sparingly soluble in either solvent: 


0°1178 gave 0°2306 CO, and 0°0372 H,O. C=535; H=3°5. 
C,,HyN,C,H;0,N, requires C=53'15; H=3°15 per cent. 
C,,H,,N,C,H,0,N; _se,, C=52°85; H=36 ,, ,, 

On the supposition that the base, C,,H,N, was 4-phenylpyridine, 
we prepared some of the picrate of this base, but found it to differ 
from the picrate from yohimbine. According to the second 
formula, the base might be a dimethylquinoline. Although this 
product has not been identified, its composition, and the properties 
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of its picrate, make it almost certain that it contains a pyridine 
ring associated with a benzene ring, and that it contains the basic 
nitrogen atom of yohimbine. The other nitrogen atom would be 


in an indole ring. 


The above experiments were chiefly carried out in the chemical 
department of Goldsmiths’ College in 1911—1912 with a specimen 
of the alkaloid presented to us by the firm of T. Teichgraeber, of 
Berlin. We are also indebted to Prof. R. Willstatter, of Berlin, 
for a quantity of the alkaloid. For both specimens we desire to 
express our hearty thanks. 

Lister INSTITUTE OF PREVENTIVE MEDICINE, BEeprorp COLLEGE, 


CHELSEA GARDENS, 8.W. ReGent’s Park, N.W. 
[ Received, June 15th, 1915.] 


CXIIL.—Dynamics of Isomeric Change. Keto-enol 
Transformation of Cyanoacetic Acid and its 
Derwatives. 


By Harry Meprorta Dawson, Recinatp SuGDEN, and 
ArTHUR TAYLOR. 


In the course of experiments on the catalytic influence of acids 
on the keto-enol transformation of acetone (Dawson and Powis, 
T., 1913, 108, 2135), an attempt was made to use cyanoacetic 
acid as catalyst. It was found that the iodine, which is used to 
measure the speed of the isomeric change, reacted with the acid, 
and thus precluded the possibility of measuring the catalytic 
activity of cyanoacetic acid by this method. 

It seemed possible that the action was to be ascribed to the 
increased reactivity of the group -CH,*CO-O- when the methylene 
group becomes associated with the cyanogen radicle, and that the 
observed change might be due to isomeric transformation of the 
keto-enol type. 

In support of this hypothesis, reference may be made to Thorpe’s 
observation (T., 1900, 77, 923) that ethyl sodiocyanoacetate and 
ethyl sodiomethylcyanoacetate, when suspended in ethyl ether or 
carbon disulphide, react with bromine and iodine to form additive 
compounds. It is therefore extremely probable that the sodium 
derivatives of the cyanoacetic esters are enolic compounds corre- 
sponding with the formula CN-CH:C(ONa)-OEt. Since the 


— 
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sodium compounds are precipitated on the addition of ethyl 
cyanoacetate or ethyl methylcyanoacetate to a solution of sodium 
ethoxide in alcohol, it may be inferred that this reaction is 
associated with the keto —> enol transformation of the esters in 


o 


question. ' 
An examination of the velocity of the change which occurs 


when sodium cyanoacetate is acted on by bromine and iodine in 
dilute aqueous solution has furnished further evidence of isomeric 
change in cyanoacetic compounds in that the halogen substitution 
appears to be preceded by the conversion of the inactive keto- into 
the active enol-form. 

Preliminary experiments showed that the reaction between 
cyanoacetic acid and the halogens proceeds too rapidly at 0° to 
permit of accurate measurements of its velocity. If solutions of 
the sodium salt are used, the velocity is much less, and it has been 
found possible to follow the reaction in a quantitative manner. 
With bromine, the reaction proceeds to completion, but in the case 
of iodine, a condition of equilibrium is finally attained which 
depends on the initial concentration of the sodium cyanoacetate 
and of the iodine. 

The measurements show that the reaction between sodium cyano- 
acetate and the halogens is auto-catalytic in character. This is 
evident from the data in the following table, which gives measure- 
ments of the electrical conductivity of the solution during the 
course of the reaction. Since the substitution of halogen is accom- 
panied by the liberation of halogen acid, the conductivity of the 
solution increases, and the observed increase affords an approxi- 
mate measure of the progress of the reaction.* In this experi- 
ment, the original solution contained equimolecular quantities of 
sodium cyanoacetate and iodine, and equilibrium was reached 
when approximately half of the iodine had disappeared. The 
numbers under & are the conductivities at 0° after the time 
intervals indicated under ¢. The values under Ak/At represent 
the average rates of increase of the conductivity during successive 
periods. It is apparent that the rate of change increases, at first 
slowly, then more rapidly, attains a maximum, and then diminishes 
as the equilibrium condition is approached. 


* In an experiment in which one half the equivalent quantity of halogen 
acid was added in successive fractions to a 0°025N-solution of sodium cyano- 
acetate at constant volume, it was found that the increase in the electrical 
conductivity is at first nearly proportional to the quantity of acid added, but 
that the ratio of the increments Ak/a{HX] gradually increases in the later 
stages. 
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Tase I. 
0°025 CH,(CN)-CO,Na, 0°025 I,, 0°05 KI. 


t(mins.) 5 10 20 30 35 40 45 50 60 §=©100 
k.10*... 77-40 77-45 77-55 78-36 80-30 84-86 90-38 91-24 91-75 92-39 
Ak/at 0-01 0-01 0-081 0-39 0-91 1-10 0-17 0-051 0-016 


From the results obtained in experiments with a relatively large 
proportion of the cyanoacetate, it appears that the rate of dis- 
appearance of halogen from the solution increases with the con- 
centration of the salt, but is independent of the concentration of 
the halogen. This points to the conclusion that the halogen 
molecule is not directly involved in the particular reaction which 
determines the rate at which the halogen disappears. On the 
assumption that the reactivity of the cyanoacetate is determined 
by a preliminary conversion of the keto into the isomeric enol- 
form, the formation of halogen-substituted cyanoacetate would be 
represented as the final result of three consecutive reactions, (a), 
(6), and (c): 

(a) CN-CH,*CO-ONa — CN-CH:C(OH)-ONa, 

(6) CN-CH:C(OH)-ONa +X, —> CN-CHX:CX(OH)-ONa, 

(c) CN-CHX:CX(OH)-ONa —> CN-CHX:CO-ONa + HX. 

Since keto —> enol transformations are generally accelerated by 
acids it may be expected that the velocity of reaction will gradu- 
ally increase in consequence of the formation of halogen acid 
equivalent in quantity to the halogen which has disappeared. If 
the sodium cyanoacetate is present in relatively large and constant 
amount, and it is assumed that the velocity of the primary isomeric 
change is small in comparison with that of the succeeding re- 
actions, and, further, that the catalysing activity of the acid 
produced is directly proportional to its concentration, the velocity 
at any moment will be given by dz/dt =kz, where zx is the diminu- 
tion in the concentration of the halogen after time ¢. Since the 
initial velocity is finite, it is necessary to add a further term to 
the right side of this equation. The exact form of this additive 
term is only of importance in so far as the initial stages of the 
reaction are concerned, and for our purpose it is sufficient to write 
the initial velocity equal to ky, in which case the general equation 
assumes the form 


dajdt=kza+k, . . . .... (2) 
On integrating and neglecting ky in comparison with kz, we obtain 
logkx—logkj=kt . . . . . . . (2) 


according to which log is a linear function of ¢. 
By plotting log against ¢, it was found that the experimental 
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data give a straight line, and by extrapolating this line, the value 
of log 2, corresponding with t=O, is obtained. Using this value 
of 2, equation (2) may be written in the form 


k=(logr—loga)/t . . . . +. + (8) 


where 2,=k,/k. The values of k, calculated from this equation 
by the use of ordinary logarithms, are recorded in the following 
tables. 

The data in these tables refer to experiments which were made 
with solutions containing 0°1 mol. of sodium cyanoacetate per litre 
and relatively small and varying quantities of halogen. Solutions 
of the cyanoacetate and of bromine or iodine were cooled to 0°, 
and the reaction was started by mixing in the requisite propor- 
tions with the addition of icecold water. After measured time 
intervals, samples were removed from the mixture, added to an 
ice-cold solution of potassium iodide, and the concentration of the 
iodine present was determined by titration with a freshly pre- 
pared and standardised sodium thiosulphate solution. The 
reversibility of the reaction between the cyanoacetate and iodine 
makes it rather difficult to determine the end-point with the 
accuracy attainable in an ordinary iodine estimation, but with a 
little experience, fairly accurate results can be obtained. 

In tables II—VII, the time in minutes is recorded in the first 
column, the thiosulphate readings in the second, the halogen con- 
centration in mols. per litre in the third, the diminution of the 
halogen concentration (z) in the fourth, and the value of & in 
the fifth. At the head of each table is shown the approximate 
initial concentration of the halogen in mols. per litre, and also 
the value of log z as obtained by the method described above. 
Tables II and III refer to experiments made with iodine; tables 
IV—VII to experiments with bromine. 


Tase II. 
0°1 CH,(CN)-CO,Na, 0°002 I,, log z»=5°65. 
Na,S,0.,. 

6 c.c. [I,]. 102. a. 10%. k. 10%. 

0 9-70 0-196 — — 

60 9-11 0-184 0-12 0-715 
100 8-62 0-174 0-22 0-692 
130 8-13 0-164 0-32 0-658 
160 7-01 0-142 0-54 0-676 
180 6-04 0-122 0-74 0-677 


200 3-82 0-077 1-19 0-713 
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Tasie ITI. 


0°1 CH,(CN)-CO,Na, 0°004 I,, log 7)=5°65. 


Na,S,0, 

‘ c.c. [I,] . 107. 
0 19-5 0-394 
60 19-0 0-384 
100 18-44 0-372 
140 17-45 0-352 
160 16-83 0-340 
190 14-98 0-303 
210 13-2 0-267 

TaBLe IV. 


z. 108 


0-10 
0-22 
0-42 
0-54 
0-91 
1-27 


k. 10%. 


0-583 
0-692 
0-695 
0-676 
0-689 
0-692 


0°1 CH,(CN)-CO,Na, 0°0016 Br., log z»=4°30. 


wz. 10°. 
0-384 
0-554 
0-744 
0-998 
1-092 
1-374 


k. 10%. 


| 


bo to bo ty bo te 
ad 
StwhwSS 


a 


Bro, log z)= 4°60. 


z. 10%. 
0-76 
1-22 
1-98 
2-48 
3-25 
4-10 
4-60 


az. 108. 


= 
I's 


to RO RD LD tO ky typ 
or, > & OO 
oOrorOonwe 


B&B. 10. 
1-45 
2-34 
2-48 
2-45 
2-42 


Na,S,0,. 
t. c.c. [Br,] . 10?. 
0 8-02 0-1604 
13-5 6-10 0-1220 
18-5 5-25 0-1050 
23-5 4-30 0-0860 
27-5 3-03 0-0606 
30-5 2-56 0-0512 
33-5 1-15 0-0230 
TABLE V. 
0°'1 CH,(CN)-CO,Na, 0°005 
Na,S,0,. 
t. C.c. [Br,] . 10?. 
0 12-00 0-480 
13 10-11 0-404 
21 8-95 0-358 
29 7-03 0-282 
33 5-80 0-232 
38 3-75 0-155 
42 1-75 0-070 
45 0-50 0-020 
TaBLE VI. 
0°1 CH,(CN)-CO.Na, 0°01 Br,, log z,=4°86. 
Na,S,0.,. 
t. cc. [Bry]. 10%. 
0 25-10 1-004 
14 22-20 0-888 
24 18-50 0-740 
29 15-60 0-624 
35 12-04 0-482 
40 8-24 0-330 
45 3-80 0-150 


47 1-90 0-076 


CDR ME 
Coo-twy OQ 
AIOf NOK 


2-38 
2-42 
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TaBLE VII. 
0:1 CH,(CN)-CO,Na, 0°016 Br, log 2)=3-05. 
Na,S,0,. 
t. c.c. [Br,]. 10%. x. 10°. k. 10%. 
0 16-60 1-660 —_— — 
10 15-60 1-560 1-00 —0-5 
23 13-00 1-300 3-60 2-20 
30 10-62 1-062 5-98 2-43 
35 8-50 0-850 8-10 2-45 
42-7 4-20 0-420 12-4 2-44 
47 1-10 0-110 15-5 2-42 


On examining the above tables, it is seen that the numbers in 
the last column are practically constant throughout the course of 
each experiment, if we except the value for the first time interval. 
It may be noted that this value of & is influenced to a greater 
extent than succeeding values by errors of experiment, but it is not 
possible to attribute the very considerable deviations to this cause. 
According to the experiments in tables V, VI, and VII, the 
deviation of the initial value from the mean of the later values - 
increases with the concentration of bromine, and the magnitude 
of the divergence suggests that the kinetics of the initial stages 
of the reaction are not in accordance with the assumptions made 
in the deduction of the equation from which k is calculated. 

The later stages of the reaction are, however, very satisfactorily 
represented by means of equation (3), and the four experiments 
with bromine, in which the initial concentration of the halogen 
was varied in the ratio 1: 10, give the same value for the velocity- 
coefficient, the mean being k=0°0242. The two experiments with 
iodine give a mean value of &=0°00685. According to these 
numbers, the velocity of the reaction is not independent of the 
nature of the halogen, as should be the case if the rate at which 
the halogen enters into the reaction is solely determined by the 
preliminary isomeric transformation of the cyanoacetate. The 
velocity-coefficients are, however, of the same order of magnitude, 
and in the absence of further evidence, the difference between the 
values does not appear to be sufficiently great to invalidate the 
hypothesis of isomeric change. 

The values of z) may be regarded as representing the quanti- 
ties of halogen acid which it would be necessary to add to the 
solution to produce the observed effects if the linear relation 
between log and ¢ were to hold from the commencement of the 
reaction. If we compare these values, it is found that 2) is much 
greater for bromine than for iodine at the same concentration, 
and in the case of bromine it increases with the initial concentra- 
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tion of halogen. This is seen by reference to table VIII, in which 
the values of k,=kz, are also recorded. 


Taste VIII. 


Initial 
concentration. 


In considering the relations between the several values of zy 
or ko, it must be remembered that the halogens are hydrolysed to 
some extent in accordance with the relation 


X,+H,O —H'+X/+ HXO. 
According to Bray and Connolly (J. Amer. Chem. Soc., 1911, 38, 


et the hydrolysis constant, k=[H"][X’][HX0O]/[X,] at 25° is 
equal to 0°3x10-! for iodine, and to 5°2x10-® for bromine. 


Corresponding with the much larger value of the constant for 
bromine, the initial “acidity” of the bromine solutions will be 


much greater than that of corresponding solutions of iodine, and 
the general relations exhibited by the z) values would seem to 
show that the initial period of the reaction is largely dominated 
by the degree of hydrolysis of the halogen. That the value of 2» 
increases with the concentration of the bromine solution is quite 
in accord with this view. The fact that z) has the same value 
for both the iodine experiments is of no particular significance, 
for the iodine was added in the form of a potassium iodide solu- 
tion (KI/I,=2 approximately), and this would have an appreci- 
able influence on the degree of hydrolysis. It is scarcely possible 
to calculate with any accuracy the relative initial “acidities” of 
the several solutions, for the halogen acid set free by hydrolysis 
will react with the sodium cyanoacetate, and the “acidity” will 
be reduced thereby. 

The halogen acid set free during the progress of the substitution 
reaction will also be acted on by the sodium cyanoacetate. In 
consequence of this action, the auto-catalytic effect will be much 
smaller than that which would be produced by the unaltered 
halogen acid. The actual effect should be almost identical with 
that which would be obtained if cyanoacetic acid were added con- 
tinuously to the solution at such a rate that the concentration of 
free acid after time ¢ is equal to x (see previous tables), and the 
halogen acid be supposed to be eliminated. 
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In a solution containing cyanoacetic acid and its sodium salt, 
the degree of ionisation (a) of the acid is given by the equation 


_ _(k +eB)+(k+cB) /1+4ha/(k+cB)?, 

7 2a 
in which k=0°0037 is the ionisation constant of the acid, a its 
concentration, c the concentration of the salt, and B its degree of 
ionisation. Under the conditions obtaining in the dynamic ex- 
periments, z is small in comparison with ¢c, whilst ¢ and B are 
almost constant, so that the above equation reduces to the form 


a=k/k +cB=constant. 


The auto-catalytic effect should therefore be proportional to the 
concentration of the cyanoacetic acid, and therefore to z. It is 
immaterial whether we assume that the catalyst is the hydrogen 
ion or that the acid is active in the non-ionised as well as in the 
ionised condition. Since the degree of ionisation is almost in- 
dependent of the concentration z, the result will be the same in 
both cases. 

The above considerations show that the auto-catalysed reaction 
investigated in the above experiments is not nearly so simple as 
the corresponding reaction between the halogens and the aliphatic 
ketones (Dawson and Powis, T., 1912, 101, 1503). It is not yet 
possible to say whether the measured velocity of reaction is due 
to the isomeric transformation of the non-ionised sodium cyano- 
acetate or the cyanoacetate ion, or whether both are involved in 
the change. 

It has already been stated that the velocity of the reaction 
between the halogens and cyanoacetic acid is too rapid for dynamic 
observations at 0°. This is also true for the ethyl ester, with 
which preliminary experiments were made in aqueous alcoholic 
solution. The behaviour of the free acid and the ester does not 
appear, so far as these observations go, to be at variance with the 
hypothesis that halogen substitution in the cyanoacetic compounds 
is preceded by keto —> enol transformation, and that the velocity 
of this change is increased by acids. 


Summary. 


The experiments described in this paper show that the reaction 
between sodium cyanoacetate and the halogens in dilute aqueous 
solution is an auto-catalysed reaction. The velocity of reaction 
is independent of the concentration of the halogen, but at each 
moment is proportional to the quantity of halogen acid which has 
been set free by the substitution process. The observations have 
been interpreted on the assumption that the actual substitution 
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of halogen is preceded by isomeric change of the cyanoacetic 
compound. 


The materials employed in this investigation have been in part 
purchased with the aid of a grant from the Council of the 
Chemical Society, and the authors desire to express their thanks 
for the assistance thus rendered. 
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CXIV.—WNitrocamphor and its Derivatives. Part VIII.* 
The Action of Formamide on Nitrocamphor. 


By Txomas Martin Lowry and Victor STEELE. 


Tue use of formamide as a solvent in physical chemistry has be- 
come very important in recent years, especially through the 
influence of Walden. Walden has shown (Trans. Faraday Soc., 
1910, 6, 71; Bull. Acad. Sci., St. Pétersbourg, 1911, 1055) that ite 
physical properties simulate those of water, for example, its freez- 
ing point, its association, its high dielectric constant, and its value 
as an electrolytic solvent. Its different composition enables it, 
however, to dissolve many substances which are insoluble in water, 
so that it can be used to extend to a wider range of compounds 
the types of observations which have already been made with 
aqueous solutions. 

It was from this point of view that the action of formamide on 
nitrocamphor was first studied, the object being to examine the 
anomalous rotatory dispersion produced by nitrocamphor dissolved 
in formamide, just as had already been done in the case of ethyl 
and methyl tartrates dissolved in formamide and in water. It 
was soon found, however, that some further action was taking 
place, since the solutions became yellow in colour, and a solid pro- 
duct was deposited. This solid proved to be composite in 
character, containing a white and a yellow component, which were 
not easily separated by crystallising from the ordinary organic 
solvents, although we discovered afterwards that the white com- 
pound could be dissolved out quite readily with water. We then 
found that the white compound could be precipitated in a pure 


* PartsI., II., IIl., T., 1898, 73, 986, 991, 999. Part IV., T., 1899, 75 
211. Parts V., VI., VII., T., 1903, 83, 953, 957, 960. : 
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state by adding formamide to a solution of nitrocamphor in ethyl 
acetate; analysis of the pure product showed it to be the hitherto 
unknown ammonium salt of nitrocamphor, a discovery of real 
importance in view of the unsatisfactory character of many of the 
salts previously described. The yellow product was more complex, 
but finally yielded a pure substance in the form of lemon-tinted 
crystals, which were found on analysis to be a new anhydride of 
nitrocamphor. These two new compounds are described in detail 
below. As we have been asked on several occasions to supply the 
necessary details, we have also taken this opportunity to describe 
the methods which have been used for several years in preparing 
uitrocamphor in quantity. 


EXPERIMENTAL. 
A. Preparation of Nitrocamphor. 


The method described by one of us in 1898 (T., 1898, 73, 995) 
had the great advantage that crude products could be used through- 
out, for example, crude, uncrystallised bromocamphor and (more 
important still) the crude, uncrystallised product from the nitra- 
tion of the bromocamphor. Its chief disadvantage was that the 
nitrocamphor was obtained as an oil, from which only a small pro- 
portion of crystals could be obtained, and even these could not be 
relied upon to appear. This difficulty we have been able to overcome 
by reducing the crude bromonitrocamphor with sodium ethoxide 
instead of with alcoholic potassium hydroxide, the solutions being 
of sufficient concentration to cause the sodium salt to crystallise 
out; when properly purified, the sodium salt gives on acidification 
a precipitate of solid nitrocamphor, which is almost pure, re- 
sembling in this respect the products obtained in the case of B- 
and m-bromonitrocamphors. This production of solid nitrocamphor 
not only increases the yield, but enables the compound to be pre- 
pared with a certainty that has hitherto been lacking. 

The details of the preparation are as follows. Five hundred 
grams of camphor give about 800 grams of crude bromocamphor 
and about 720 grams of crude bromonitrocamphor. For the reduc- 
tion, 276 grams of the crude bromonitrocamphor are dissolved in 
100 c.c. of hot alcohol (distilled from potassium hydroxide) ; 
46 grams of sodium are dissolved in 400 c.c. of alcohol in a flask 
heated on a water-bath, and provided with a reflux condenser; 
when the two solutions are mixed, for example, by pouring the 
bromonitrocamphor down the reflux condenser, vigorous boiling 
takes place, and no further heating is needed ; the boiling must be 
controlled by shaking the flask in which the solutions are mixed, 
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and cooling in water; when quite cold, the sodium salt crystal- 
lises out, and is drained by the aid of the pump; a further crop 
of sodium salt can be obtained by freezing the mother liquor and 
filtering quickly before the salt has time to redissolve. The 
immediate yield of sodium salt, after washing with a mixture of 
alcohol and acetone (1:1), is about 360 grams, that is, nearly 
50 per cent. of the theoretical yield from the camphor taken. 

We may add that a theoretical yield of nitrocamphor may be 
obtained by oxidising ‘sonitrosocamphor with potassium perman- 
ganate. 1:8 Grams of isonitrosocamphor were dissolved in 20 c.c. 
of acetone and added to a solution of 11 grams of potassium 
permanganate in 100 c.c. of water. Manganese dioxide was at once 
precipitated, and the solution decolorised. After a few minutes, 
the solution was filtered, and the filtrate just acidified. An oil 
was deposited which crystallised at once. After crystallising from 
alcohol, the product melted at 102°, and this melting point was 
not changed by mixing with pure nitrocamphor. 


B. The Ammonium Salt of Nitrocamphor. 


The ammonium salt of nitrocamphor was first prepared in a 
pure state by dissolving nitrocamphor in ethyl acetate and adding 
formamide. A white, crystalline precipitate was quickly pro- 
duced, which was collected, and crystallised from hot alcohol. It 
melted at 178°: 

0°0974 gave 0°2011 CO, and 0°075 H,O. C=563; H=8'5. 

C,)H,,0;N. requires C=56°1; H=8°4 per cent. 

A good yield of the same salt was obtained by adding concen- 
trated ammonia to a concentrated solution of nitrocamphor in 
acetone. 

The two products melted at the same temperature, both 
separately and when mixed together. The agreement of rotatory 
power is shown by the following observations: 

0°459 made up to 25 c.c. with water, and examined in a 2-dem. 

tube, gave: (a) by formamide, ays, 14°19, aye 11°99; 
(6) by ammonia, agg, 14°1°, as7gq 11°9°; whence [a];.5, 384°, 
[@]s7—0 324°. 

Both salts, when heated, liberated ammonia and a gas (perhaps 
nitrous oxide), leaving a yellow, semi-solid residue with a sweet 
odour, suggestive of camphorquinone. Both salts liberated 
ammonia when heated with sodium hydroxide, and gave a pre- 
cipitate of nitrocamphor when dissolved in water and acidified. 

The ammonium salt is readily soluble in water, moderately so in 
alcohol, sparingly so in hot acetone or ethyl acetate, and practically 
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insoluble in chloroform, benzene, or light petroleum. It dissolves 
also in acetic acid, and gives a clear solution in concentrated hydro- 
chloric acid. Unlike nitrocamphor, the salt appears to be quite 
stable, and will probably provide the best method of storing the 
nitro-compound ; but when boiled for a few hours in ethyl acetate 
it passes into a yellow product, from which small quantities of the 
new anhydride may be separated. 

As the formamide used in these experiments does not contain 
any appreciable quantity of free ammonia, the production of the 
ammonium salt involves some decomposition, the nature of which 
we have not yet investigated. The simplest explanation would be 
to assume that the formamide had decomposed, 

H-CO-NH, — NH;+CO; 
but no gas is liberated, and it seems more probable that the 
ammonia is produced (in a very inadequate yield) by some form 
of hydrolysis. 


C. A New Anhydride of Nitrocamphor. 


In addition to the colourless ammonium salt, a yellow product 
is obtained by the action of formamide on nitrocamphor. All 
attempts to isolate a pure product failed until the interaction was 
modified by the use of a solvent. After many experiments, the 
following procedure was found to be the most effective. 

Nitrocamphor (20 grams) is dissolved in ethyl acetate (50 c.c.) 
and formamide (5 grams) is added. The mixture is boiled under 
a reflux condenser for about twelve hours. Half the ethyl acetate 
is then evaporated, and the residue set aside to crystallise. 
Clusters of needles slowly separate; they contain a little ammonium 
salt, which can be removed by draining on a funnel and washing 
with water. When purified by recrystallisation from alcohol, the 
product is obtained in slender needles, with a slight greenish- 
yellow tint, melting at 184°. 

The same compound is also formed when the ammonium salt is 
heated with formamide in ethyl acetate, as described above, but 
the change proceeds more slowly, and the product takes longer to 
crystallise : 


0°1198 gave 0°2822 CO, and 0°0822 H,O. C=63:7; H=7°4. 
CyoH2g0;N, requires C=63°8; H=7°4 per cent. 

The yellowish compound is thus formed from nitrocamphor by 
the removal of half a molecule of water, and has the composition 
of an anhydride of nitrocamphor. Two compounds of this com- 
position have already been described, one of them (m. p. 220°, 
[a], +26°4° in acetone) derived from camphoryloxime (T., 1903, 
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83, 957), and the other (m. p. 190°, [a], + 187° in benzene) derived 
directly from nitrocamphor itself by evaporating a solution on the 
water-bath (T., 1898, 73, 996). The new anhydride resembles the 
latter compound very closely; the tint of the crystals is very 
similar, both compounds develop a greenish-yellow colour on the 
side of the bottle which is exposed to the light, and both decom- 
pose in much the same way when heated in a dry tube, liberating 
gas and leaving a yellow residue, which has the sweet odour of 
camphorquinone. Both compounds also yield camphorquinone 
when acted on by alcoholic potassium hydroxide, although the yield 
appears to be much smaller in the case of the compound now 
described. 

It was thought at first that the two anhydrides were the same, 
and that the formamide had merely dehydrated the nitrocamphor 
in solution, instead of by heating the fused substance; but this 
view could not be maintained, as the following data will show. 


Melting points: 


Old anhydride  ...........ccceseeeeeees 193° 
New anhydride ..............sesseseees 184° 
Mixture (about) 178° 


Rotatory Powers.—0°331 Gram of each was made up to 25 c.c. 
with benzene, and examined in a 2-dem. tube. The readings were: 


Old anhydride See eee eeeeeneee A546) a 6-4° as780 -f- 5-4° 

New anhydride ............... @5yg5 — 0°15° grag — 01° 
whence (old) ...... [@]ss¢, + 242° [a]sra9 + 204° 
(new) ...... [a}ssq, — 6° [alsa — 4° 


The new anhydride is seen to be almost inactive, with a slight 
levorotatory power, but this is only about 2 per cent. of the dextro- 
rotatory power shown by the earlier isomeride. This complete con- 
trast is confirmed by the melting points, which fall when the two 
compounds are mixed together, and also by a slight difference in 
the habit of the crystals, the new form being much more inclined 
to separate from solution in the form of needles. 

The whole behaviour of the new compound indicates that it is 
very closely related to the earlier anhydride, and suggests that the 
difference between them is due to stereoisomerism rather than to 
any more fundamental difference of structure. In view of the low 
optical activity of the compound, it may perhaps be suggested that 
the two nitro-groups are acting in opposition, whereas in the old 
anhydride they are both contributing to the large dextrorotatory 
power of the compound. This difference may be shown convention- 
ally by the following formule: 


in DN it as es nT 


SE hie ileal SNe CMB ey 


MARTIN : RESEARCHES ON SILICON COMPOUNDS. PART 1X. 1043 


N-0- 
Old anhydride, OH <p <0 > C0,Hhy. 


°S¢ 
n'O-N | C H : 
New anhydride, C,H,, o< b ot” stig 
Co 


The difference could, of course, be represented also by using the 
pentad formula for the nitro-groups; in either case, it would be 
possible to predict the existence of three stereoisomeric compounds, 
analogous, to some extent, with the syn-, anti-, and amphi- 
dioximes ; there is, therefore, still room for the discovery of a third 
and last member of this group of anhydrides. 


Guy’s Hosprrat, [Received, June 1st, 1915.] 
Lonpon, 8.E. 


CXV.—Researches on Silicon Compounds. Part 
IX. The Action of Alkalis and Water on Hexa- 
ethoxysilicoethane, Silico-oxalic Acid, Mesosilico- 
oxalic Acid, and Chloropentaethoxysilicoethane, 
together with some Remarks on their Constitution. 


By GrorrrEy Martin. 


In 1912 the author put forward the theory (Ber., 1912, 45, 2097; 
1913, 46, 2442, 3289) that directly united silicon atoms, in the 
presence of attached oxygen atoms, are separated by alkalis with 
the evolution of hydrogen, according to the scheme: 


H 
Ssisic + KT o Ssio-sit + Hy 
each direct Si-Si linking corresponding with the evolution of one 
molecule of hydrogen. This relationship has been used by the author 
as a guide to the constitution of a new class of hydrogen-evolving, 
insoluble, organic silicon compounds (loc. cit.). 

It is, therefore, a matter of some theoretical importance that this 
relationship should be justified by experiment. This has presented 
some difficulty, because no perfectly pure oxygenated silicon com- 
pound is known in which the silicon atoms are directly united, and 
the constitution of which is established beyond doubt. It is true 
that quite recently (this vol., p. 319) the author prepared pure 
silico-oxalic acid, (SiO0,H),, by a new process, and showed that the 
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amount of hydrogen evolved by the action of potassium hydroxide 
corresponded almost exactly with the theoretical quantity. The 
difficulty here, however, is that the constitution of silico-oxalic acid 
is still a matter of dispute, and, moreover, as the above relationship 
has been invoked to explain its constitution, it seems scarcely justi- 
fiable to accept this case as a proof of the above theory. For this 
purpose it is necessary to prepare a pure compound containing a 
known number of silicon atoms directly united, the constitution of 
which has been established independently of this theory. It would 
then be ascertained whether potassium hydroxide liberated the 
theoretical amount of hydrogen. 

No suitable silicon compound was known until the author suc- 
ceeded (T., 1914, 105, 2860) in isolating in a pure condition hexa- 
ethoxysilicoethane, the constitution of which is beyond doubt, since 
it is prepared by acting on disilicon hexachloride with alcohol: 

Cl,Si-SiCl, + 6EtOH = (EtO),Si-Si(OEt), + 6HCI. 
Here, again, was an opportunity of testing the theory, and when 
the experiment was made a striking verification was obtained. One 
gram of this substance when treated with potassium hydroxide was 
found to evolve 68°2 c.c. of dry hydrogen at N.T.P., whilst according 
to theory 68°5 c.c. should have been obtained. 

The author’s theory, therefore, rests on a firm experimental basis, 
especially as all applications previously made of it have brought 
forth consistent results. 

The next point to be considered is the nature of the change which 
takes place when a Si-Si linking is severed by alkali. 

When solutions of sodium or potassium hydroxide are employed, 
soluble sodium or potassium silicates are produced, thus: 

OR OR OK OK 
>Si—si< '+2KOH+H,0O= >Si-O-Sic +2R-OH +H,’ 
where R represents an organic radicle or hydrogen. 

This relationship is obeyed in the case of all the organic deriv- 
atives containing directly united silicon atoms which have been 
studied in the previous papers (Joc. cit.), and is also true for silico- 
oxalic and mesosilico-oxalic acids. 

When aqueous ammonia is the alkali used, a somewhat different 
action takes place; in every case investigated hydrogen is evolved, 
and silica is formed. 

Silicic acids, if produced at all, are too unstable to exist perman- 
ently at ordinary temperatures, and lose all their water, silica being 
formed (see below). 

This proves that silicon atoms which are directly united, retain 
hydroxy-groups much more tenaciously than do silicon atoms which 
are united through oxygen atoms. 
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For example, both silico-oxalic acid and mesosilico-oxalic acid 
retain all their hydroxy-groups in a vacuum over sulphuric acid at 15°, 
and even when dried in the steam oven at 100°, whereas silicic acids, 
such as Si(OH),, SiO(OH),, O(Si0,H),, ete., under the same condi- 
tions part with all their hydroxy-groups, and yield silica (compare 
Le Chatelier, Compt. rend., 1908, 147, 660; see also the experi- 
ments quoted below, which confirm Le Chatelier’s conclusions). 

The fact that both silico-oxalic acid and mesosilico-oxalic acid, 
when treated with ammonia, give rise to identical forms of silica 
(see below), can be best explained by attributing cyclic formule to 
these substances—a view made probable by other considerations.* 
This is indicated in the following scheme: 


’ Si,(OEt), Si,Ci, 
Hexaethoxysilicoethane. Disilicon octachloride. 


| 
20 {#40 
Si,(OH), Si,(0H), 
Unstable at the ordinary tempera- Unstable at the ordinary tempera- 
ture ; 3 mols. condense. ture ; 2 mols. condense. 


4 oa . | 
Si(OH) Si-OH 
OH'‘Si< 0 >si-0H 


i Si(0H), 
| <_ 
$i(0H)<O>si-0H OH-Si<) >si-OH 


Silico-oxalic acid. Mesosilico-oxalic acid. 


We 
AS 


With the view of further investigating the stability with which 
OH-groups are retained by silicon atoms directly united together, 

*M. J. Curie in 1884 (Fremy’s “ Encyclopédie,” Tome II, 3° Section, 
p. 152) suggested a cyclic structure for silica. 

Vol. CVI. 3 Z 
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attention was now turned to the series of compounds previously 
isolated (T., 1914, 105, 2860), having the formule Si,Cl,(OEt), 
Si,Cl,(OEt),, Si,Cl,(OEt)s, Si,Cl(OEt);, and Si,(OEt),. It was 
hoped that by treating these substances with 1, 2, 3, 4, and 
5 molecular proportions of water, the chlorine atoms would be suc- 
cessively replaced by hydroxyl groups with the production of 
hydroxy-compounds of the formule: Si(OH),*Si(OH),*OEt, 
Si(OH),"Si(OEt),-OH, Si(OH),-Si(OEt),; and 
OH-Si(OEt),.°Si(OEt), 

respectively. 

By studying their tendency to lose the elements of water, further 
light might be thrown on the problem, and also on the constitution 
(whether symmetrical or otherwise) of the parent substances (/oc. 
cit.). For this purpose monochloropentaethoxysilicoethane was 
treated with a molecular proportion of water, so as to realise the 
equation Si,C](OEt); + H,O =Si,(OH)(OEt), + HCl. 

However, in practice it was found that this equation was not 
even approximately realisable; only complex condensation products 
could be obtained, together with ethyl aleohol, unchanged material, 
and hydrogen chloride. These condensation products, however, still 
had their Si-Si linkings intact, since hydrogen was readily evolved 
by the action of potassium hydroxide or ammonia, in the latter case 
a residue of silica being obtained. 


EXPERIMENTAL. 


The Volume of Hydrogen Evolved from Hezaethozysilicoethane 
by treatment with Potassium Hydrozide—The estimation was 
carried out in the usual way, using a Lunge nitrometer. The hexa- 
ethoxysilicoethane was immediately decomposed by the potassium 
hydroxide, with the rapid evolution of hydrogen and an appre- 
ciable development of heat. A white solid, which appeared at the 
moment of contact with the alkali, soon dissolved, leaving a slightly 
opalescent solution. 

Several experiments were made. In one, 0°3600 gram gave 
26°3 c.c. H, (moist) at 17° and 768 mm., whence 1 gram would give 
68°2 c.c. H, (dry) at N.T.P. In another experiment the value was 
68°3 c.c. According to the theory that every Si-Si linking corre- 
sponds with ths evolution of 1 molecule of hydrogen, 1 gram should 
give 68°5 c.c. 


Action of Aqueous Ammonia on Silico-orzalic Acid. 


Since aqueous ammonia destroys an Si-Si linking, thus: 
?Si-Sii —> iSi-O-Sii, 
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it was of interest to ascertain whether a silicic acid of the formula 
28i0,,H,O could be produced from silico-oxalic acid, thus: 


NHy.H 
O:Si(OH)-Si(OH):O0 <*> 0:8i(OH)-0-Si(OH):0 + Hy. 
In order to test this point, silico-oxalic acid was dried to constant 
weight in a vacuum over sulphuric acid, and was then decom- 
posed by aqueous ammonia: 

0°3625 Gram of silico-oxalic acid, placed in a platinum dish, was 
treated with a solution of ammonia (1 vol. D 0°880 to 1 vol. water). 
A vigorous evolution of gas took place, the mixture becoming 
slightly warm. All loss was prevented by covering the dish with 
a clock glass. In order to make quite sure that the action had 
ceased, a little more ammonia solution was cautiously added, but 
no further effervescence took place. 

The dish and its contents were dried in a vacuum over sulphuric 
acid. After forty-eight hours the residue weighed 0°3690 gram, and 
after ninety-six hours 0°3665 gram and the loss of weight still 
continued. On ignition the weight became 0°3570 gram. 

In other words, 100 parts of silico-oxalic acid, after being treated 
with ammonia and dried in a vacuum over sulphuric acid, became: 
Period of drying ... 48 hours 96 hours 120 hours After ignition. 
Weight of product.. 101°8 101-1 99°6 98°5 

Other experiments were made with similar results, and after being 
dried in a vacuum over sulphuric acid for about three weeks the 
final product was almost anhydrous silica, a loss of only about 
0°1 per cent. occurring on ignition. 

According to theory, 100 parts of silico-oxalic acid should yield 
113°1 parts of the silicic acid, 2810,,H,0. Consequently, it is quite 
certain that this acid is not produced as a stable end-product. This 
result is in agreement with Le Chatelier’s experiments on silicic 
acid (loc. cit.). The final result of drying seems to be simply the 
production of amorphous silica, not of a definite silicic acid. 

One hundred parts of silico-oxalic acid would yield 98°4 parts of 
anhydrous silica, which is closely realisable in practice (see above). 


Action of Ammonia on Mesosilico-ozalic Acid. 


Mesosilico-oxalic acid was prepared according to Gattermann and 
Ellery’s method (Ber., 1899, 32, 1114) by decomposing trisilicon 
octachloride with atmospheric moisture, the chloride being placed 
in a platinum dish on melting ice. After being washed with ice- 
cold water to remove the hydrochloric acid, the acid was dried in 
a vacuum over sulphuric acid until its weight was constant. 

0°6300 Gram of mesosilico-oxalic acid was placed in a platinum 
basin and treated with dilute aqueous ammonia. A vigorous effer- 


32z22 
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vescence set in, hydrogen was evolved, and the mixture became 
warm. After the action had ceased the basin was placed in a 
vacuum over sulphuric acid, and the liquid allowed to evaporate at 
the ordinary temperature. The weight of the residue was 0°6219 
gram after twelve hours, and 0°6169 gram after a week. On ignition 
the loss was only about 0°2 per cent., so that practically anhydrous 
silica had been produced. 

In other words, 100 grams of mesosilico-oxalic acid, when treated 
with ammonia and dried in a vacuum over sulphuric acid, gave 
97°92 grams of amorphous silica. 

Consequently, it is quite certain that the action: 


NHsg,aq. 
Si0,H-Si(OH),"Si0,H —> 0(Si0,H)-Si(OH),*O(Si0,H) 


does not take place, since this requires that 100 parts of mesosilico- 
oxalic acid should yield 117°3 parts of a silicic acid, 3Si0,,2H,O. 
Mesosilico-oxalic acid yields amorphous silica without the produc- 
tion of any intermediate stable silicic acid. 
Other experiments were made, and in each case only amorphous 
silica was obtained. 


Identity of the Silica produced from Silico-oxalic Acid and 


Mesosilico-oxalic Acid. 


It now becomes a matter of some theoretical importance to ascer- 
tain whether the white, amorphous silica produced by treating silico- 
oxalic acid with ammonia differs in any way from that produced 
in a similar way from mesosilico-oxalic acid, as theory indicates that 


the first should have the constitution O:si<$>si:0, and the 


second O:Si<P>Si<O>Si:0. It was anticipated that some essen- 


tial difference would be found, and a most careful examination was 
undertaken with this view, but the author was forced to the conclu- 
sion that no such difference existed. A series of specific gravity 
determinations, carried out in specific gravity bottles under precisely 
the same conditions, of amorphous silica prepared from silico-oxalic 
and from mesosilico-oxalic acids, gave mean values of 2°120 and 
2°125 respectively. Again, it was thought that possibly the two 
specimens would dissolve at different rates in aqueous potassium 
hydroxide. Equal quantities (0°l gram) of each form of silica were 
placed in test-tubes, covered with the same amount of the alkali 
solution, and heated simultaneously in a beaker of boiling water 
until solution took place, but a decisive difference in the rate of 
solution could not be detected. 

Each kind of silica powder, when dried in a vacuum over sul- 
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phufic acid, was highly hygroscopic, and when exposed to the dit 
absorbed water at sensibly the same rate and to the same extent. 
Moreover, the appearafice of the substances, both to the naked eye 
and under the microscope, was sensibly the same. 

Consequently it seems certainly established that these specimens 
of silica are identical, both chemically and physically, and the 
theory that two different chemical constitutions should be attri- 
buted to them must be abandoned. 


Action of Water on Chloropentaethozysilicoethane. 


In order to realise the equation: 
Si,Cl(OEt); + H,O =Si,(OH)(OEt), + HCl, 
20°27 grams of chloropentaethoxysilicoethane (1 mol.) were placed 
in a 100 c.c. round-bottomed flask, and 1°20 grams (1 mol. is 1°15 
grams) of water were gradually run in drop by drop, the liquid 
being rapidly stirred during the operation. 

As each drop of water entered the flask it was immediately sur- 
rounded by a white envelope, and a while solid settled at the bottom 
of the flask. Hydrogen chloride was evolved, and the liquid became 
warm. 

On keeping, two distinct layers of liquid separated: (a) An upper 
yellow layer, forming about 25 per cent. of the whole; (5) a colour- 
less oil; also two white solids of different specific gravities were 
formed ; (c) a white solid heavier than the first liquid, but lighter 
than the second, so that it floated between the two; (d) a somewhat 
gelatinous, white solid, which settled at the bottom of the flask. 

By cautious manipulation each of these two solids-was collected 
separately, and likewise the two layers of liquid were isolated 
separately. 

Each solid, when treated with an alkali hydroxide, dissolved with 
the evolution of hydrogen. They were washed with alcohol and 
ether, and heated in the steam-oven until their weights were 
constant. 

The solid (d), weighing about 1°3 grams, was rich in carbon, for 
when heated with concentrated sulphuric acid it blackened, and 
inflammable vapours were evolved, which burnt with a blue flame; 
0°2031 gave, by treatment with concentrated sulphuric acid, 0°1716 
SiO,. Si=39°7 per cent. 

The second solid (c), weighing about 0°41 gram, was also analysed 
by heating with sulphuric acid ; 0°1106 gave 0°1005 SiO,. Si=42°8 
per cent. 

Since silico-oxalic acid requires Si=46°2 per cent., whereas 
Si,O,H(OEt) requires Si=37°6, it is clear that a mixture of these 
two final products of hydrolysis was being dealt with, the solid (d) 
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corresponding with a mixture of about 75 per cent. of Si,0,H(OEt) 
and 25 per cent. of (SiO,H),, whilst (c) corresponds, approximately, 
with a mixture of 40 per cent. of Si,O,H(OEt) and 60 per cent. of 
(SiO, H),. 

It was evident from these results that the reaction represented by 
the equation Si,Cl(OEt);+H,O=Si,(OH)(OEt);+ HCl had not 
been the main one which had taken place, but that hydrolysis had 
proceeded further, thus: 

Si,(OH)(OEt),; + 2H,O = Si,O,H(OEt) + 4EtOH, 
Si,O,H(OEt) + H,O = Si,O,H, + EtOH. 

As the water originally added was only sufficient for the first- 
mentioned action to take place, ethyl alcohol and unchanged chloro- 
pentaethoxysilicoethane must have been present in the liquid part 
of the material, and a search was made for these. 

The lighter liquid (A) was distilled. It was found to consist 
mainly of ethyl alcohol, but a small amount of a yellow oil remained 
after separating the alcohol by distillation. 

The second liquid was also distilled, and after a little alcohol 
and hydrogen chloride had boiled away, the residual liquid was 
distilled under diminished pressure. About half the liquid distilled 
at 110—138°/14 mm., and there remained in the flask a viscous 
oil. The distillate, when fractionated, was found to consist for the 
most part of unchanged chloropentaethoxysilicoethane, for a large 
fraction was isolated at 119—121°/14 mm. (which is the boiling 
point of this compound ; see T., 1914, 105, 2871). 

The undistilled oil was evidently of a complex nature, and a 
product of constant boiling point could not be isolated therefrom 
with the small amount of liquid available. From the foaming which 
occurred during these fractional distillations there seemed little 
doubt that complex actions took place on heating, the hydroxy- 
compounds reacting together and also with unchanged chloropenta- 
ethoxysilicoethane to form condensation products, thus: 

Si,Cl(OEt), + Si,(OH)(OEt); = HCl + Si,(OEt),*O-Si,(OEt),, 
28i,(OH)(OEt), = Si,(OEt),-O-Si,(OEt); + H,O. 

In these residual oils, however, the Si-Si linkings were still for 
the most part intact, because they readily evolved hydrogen with 
potassium hydroxide and also with ammonia. In the latter case a 
residue of silica was obtained. Water also hydrolyses them, white 
solids which evolve hydrogen with alkalis being formed. 


BrRKBECK COLLEGE, [Received and read Feb. 18th, 1915; received in an 
Lonpvon. abbreviated form for publication, April 1st. 1915.] 
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CXVI.—Syntheses of Benzo-y-pyrones and Flavones. 
Part IT. 


By Serce Jacosson and BrRoJENDRANATH GHOSH. 


In Parts I and II of this series (this vol., pp. 424, 959), it has 
been shown that when the ahydrogen atom in ethyl aceto- or 
benzoyl-acetate is substituted by a complex group, such as benzyl, 
the ordinary course of condensation with phenols is changed, the 
products being substituted benzo-y-pyrones or flavones, instead of 
the corresponding coumarins. In this paper, the study of the 
reaction has been extended to substances which contain the phenyl 
group as substituent, such as ethyl phenyl-aceto- or -formy]l- 
acetate. As anticipated, the result was the production of sub- 
stituted benzo-y-pyrones, the reaction being Pree, as follows: 


“ou OH-C-CH, 4 VY \o-CH, 
\/ CO,Et-CPh \ Ay gon 


It is interesting to note that the formula suggested for 
scutellarein by Molisch and Goldschmidt (Monatsh., 1901, 22, 
679) represents this substance as belonging to this class of com- 
pounds, and it is hoped that the experiments now described may 
lead to a method of synthesising this substance. 

The condensing agents employed in the present investigation 
were concentrated sulphuric acid and anhydrous zinc chloride. 
With ethyl a-phenylacetoacetate, the condensations of resorcinol, 
pyrogallol, and a-naphthol proceeded smoothly in the presence of 
concentrated sulphuric acid, but with phloroglucinol, the use of 
anhydrous zinc chloride was found to be necessary. 

The condensation of ethyl a-phenylformylacetate with phenols 
did not take place with concentrated sulphuric acid, but with 
anhydrous zinc chloride, the reaction proceeded in the normal 
manner. This apparent inactivity of the ester with concentrated 
sulphuric acid might be explained by the existence of the ester in 
the ketonic form (Wislicenus, Ber., 1887, 20, 2933) in sulphuric 
acid, whereas it is probable that the ester reacts most readily with 
the phenols when in the enolic form. On being heated with zinc 
chloride, the ketonic form melts, and, according to Wislicenus 
(loc. cit.), passes into the enolic form, which is then capable of 
interaction. In concentrated sulphuric acid, however, the mixture 
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cannot be heated, because of the tendency of the phenols to 
become sulphonated. 

In order to prove the constitution of the compounds, they were 
decomposed with concentrated alkali, whereby a hydroxy-acid and 
a neutral ketone, benzyl methyl ketone, were obtained. The de- 
on may be represented as follows: 


Ave ‘CH, i Now ‘CH 
- lon * ' 
Vy ver C, H, ws H,C-C,H, 


The constitution of the condensation product of resorcinol and 
ethyl a-phenylformylacetate was not determined, as it decom- 
posed into substances which could not be separated from one 
another. 

The condensation of ethyl acetylmalonate and benzoylaceto- 
acetate with resorcinol were attempted, using concentrated 
sulphuric acid as condensing agent, with the object of synthesising 
compounds of the formule: * 


0 O 0 
oH/ \” \oMe oH/ \’\oMe . OH \Y \OPh 


\ ee SECO, Bt . Jf CBz \ Jfvhe 
CO co co 


Unfortunately, however, the condensations proceeded in another 
way, yielding, in the case of ethyl acetylmalonate, 8-methy]l- 
umbelliferon, and in that of ethyl benzoylacetoacetate, 8-pheny]l- 
umbelliferon. In the case of ethyl benzoylacetoacetate and 
resorcinol, anhydrous zinc chloride was also used as condensing 
agent, but the result was the same as with sulphuric acid. These 
results support the view expressed in Part I (loc. cit.), that the 
direction of the condensation depends on the reactivity of the 
a-hydrogen atom in ethyl acetoacetate. When it is very reactive, 
the condensation yields the coumarin, but when the reactivity is 
diminished, it takes the alternative course, yielding benzo-y- 
pyrones. In the present instance, the hydrogen atom being 
situated between three carbonyl groups, becomes very reactive, 
and coumarins are formed instead of benzo-y-pyrones. The con- 
densation of ethyl a-phenylacetoacetate with m-cresol was 
attempted, but no definite product could be isolated. 
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EXxPERIMENTAL. 


7-H ydroxy-3-phenyl-2-methylb enzo-y-pyrone, 
O 
oH/ \” \oMe 
wae 
CO 


Three grams of resorcinol were mixed with 5 grams of ethyl 
a-phenylacetoacetate (Beckh, Ber., 1898, 31, 3161), and to this 
about 10 c.c. of concentrated sulphuric acid were slowly added, 
the flask being constantly cooled to prevent any rise in tempera- 
ture. The mixture was kept overnight, and then poured on ice. 
The solid matter was collected, washed, and then crystallised from 
dilute alcohol : 

0°1312 gave 0°3666 CO, and 0°0575 H,O. C=7621; H=4°87. 

C,¢H,,0; requires C=76°19; H=4°76 per cent. 
7-Hydroxy-3-phenyl-2-methylbenzo-y-pyrone crystallises in colour- 
less needles, melting at 226°. It dissolves in aqueous sodium 
hydroxide with a yellow colour and a slight violet fluorescence. 
With concentrated sulphuric acid it yields a colourless solution, 
which exhibits an intensely bluish-violet fluorescence. In alcoholic 

solution it gives a violet coloration with ferric chloride. 

The acetyl dervative was prepared by boiling the substance with 
acetic anhydride and fused sodium acetate. It crystallised from 
dilute alcohol in colourless needles, melting at 185°. In con- 
centrated sulphuric acid it develops a bluish-violet fluorescence : 

0°1075 gave 0°2904 CO, and 0°0484 H,O. C=73°67; H=5-00. 

C,,H,,0, requires C=73°47; H=4°76 per cent. 

The benzoyl derivative, prepared by dissolving the substance in 
dry pyridine, and adding excess of benzoyl chloride to the solution, 
crystallises from dilute acetic acid in colourless needles, melting 
at 187—188°: 

0°1396 gave 0°3972 CO, and 0°0572 H,O. C=77'59; H=4°41. 

Co3H,,0, requires C=77°52; H=4'49 per cent. 

The ethyl ether, prepared by warming the substance with excess 
of dilute sodium hydroxide and ethyl sulphate, crystallises from 
alcohol in short, colourless prisms, melting at 89—90°: 

0°1329 gave 0°3625 CO, and 0°0691 H,O. C=74:39; H=5-77. 

C,gH,,03,4H,O requires C=74°74; H=5-88 per cent. 

The methyl ether was prepared in the same way as the ethyl 
ether. It crystallises from dilute alcohol in colourless needles, 
melting at 87°, 
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Decomposition with Potassium Hydroxide. 


In order to prove the constitution of the substance, it was 
decomposed with 33 per cent. alkali. Three grams of 7-hydroxy- 
3-pheny]-2-methylbenzo-y-pyrone were boiled with a solution of 
15 grams of potassium hydroxide in 30 c.c. of water for about five 
hours, and the product was distilled in a current of steam. The 
oil which passed over was extracted with ether, and the ethereal 
solution evaporated. An oil was left, which on shaking with a 
solution of semicarbazide hydrochloride and excess of sodium 
acetate gave a solid semicarbazone, which separated from benzene 
in colourless needles, melting at 187° (the melting point of the 
semicarbazone of benzyl methyl ketone is 188°, Wolff, Annalen, 
1902, 325, 147). (Found, N=22°10, Calc., N=21°99 per cent.) 

The alkaline solution left in the flask after distillation with 
steam was acidified, and the precipitate was collected. From the 
acid filtrate, on extraction with ether and subsequent evaporation, 
a solid was obtained, which was identified as resorcinol. The 
precipitate just mentioned was dissolved in aqueous sodium 
hydroxide, and a current of carbon dioxide was passed through 
the solution in order to liberate some of the original material 
which had escaped interaction. This was removed, and the solu- 
tion was acidified and extracted with ether. The ethereal solu- 
tion, on evaporation, gave a residue of a solid containing an oily 
impurity, which was treated with aqueous ammonia, and the in- 
soluble oil dissolved in ether. The ammoniacal solution, on acidifi- 
cation, gave a solid, crystallising from hot water in colourless 
needles, which, after drying at 120°, melted at 204—205°, but 
when quickly heated melted at 211° (the melting point of 
anhydrous f-resorcylic acid is 204—206°; when quickly heated, it 
melts at 213°, Kostanecki and Bistrzycki, Ber., 1885, 18, 1985): 
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7: 8-Dihydrozy-3-phenyl-2-methylbenzo-y-pyrone, 
OH O 
on/\/\ome 


ad \/ —_ 
vO 
This substance was prepared in the manner described in the 
foregoing paragraph from 4 grams of pyrogallol, 6 grams of ethyl 
a-phenylacetoacetate, and 15 c.c. of concentrated sulphuric acid. 
Tt crystallises from acetic acid in pale yellow prisms, melting at 
268°. With concentrated sulphuric acid, it exhibits a green 
fluorescence : 
0°1248 gave 0°3268 CO, and 0°0528 H,O. C=71°41; H=4°70. 
C,¢H,,0, requires C=71°64; H=4°44 per cent. 
The acetyl derivative, prepared in the usual way, crystallises 
from acetic acid in colourless needles, melting at 211°: 
0°1234 gave 0°3094 CO, and 0°0528 H,O. C=68°38; H=4°75. 
CyoH,,0, requires C=68'18; H=4'55 per cent. 
The benzoyl derivative, prepared by the Schotten-Baumann 
method, crystallises from acetic acid in glistening, yellow prisms, 
melting at 204°: 


0°1400 gave 0°3802 CO, and 0°0535 H,O. C=74:°06; H=4°25. 
Cy9Ho90¢,3H,O requires C=74'22; H=4°33 per cent. 

The ethyl ether was prepared by warming the substance with 
excess of dilute sodium hydroxide and ethyl sulphate. It crystal- 
lises from alcohol in colourless needles, melting at 132°: 

0°1110 gave 0°2742 CO, and 0°0579 H,O. C=67°37; H=5°79. 

CopH 90, requires C=67°41; H=5-71 per cent. 


3-Phenyl-2-methyl-1 : 4-a-naphthapyrone, 
AN 


i -t § 
\/\\oate 
Le /ePh 
CO 


This was prepared from 3 grams of a-naphthol, 5 grams of ethyl 
a-phenylacetoacetate, and 10 c.c. of concentrated sulphuric acid. 
On pouring the acid solution on ice, a viscid oil separated, which 
solidified on keeping. The product crystallises from alcohol in 
lemon-yellow needles, melting at 209°. In concentrated sulphuric 
acid it develops a dark green fluorescence: 

0°1215 gave 0°3725 CO, and 0°0548 H,O. C=83°62; H=5°01. 

Cy9H,,0, requires C=83°92; H=4°89 per cent. 
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Decomposition with Potassium Hydroxide. 


Three grams of the above compound were added to a solution of 
15 grams of potassium hydroxide in 15 c.c. of water. The mix- 
ture was boiled for about six hours, and then treated with a 
current of steam. From the distillate, benzyl methyl ketone was 
isolated, which was recognised by its semicarbazone. The alkaline 
residue, after distillation in a current of steam, was diluted, and 
the insoluble matter removed by filtration. The subsequent treat- 
ment of the solution was the same as described in the previous 
case. The acid which separated was identified as 1-naphthol-2- 
carboxylic acid by its melting point, as well as by its characteristic 
reactions : 


| | oO ee OC-CH, 
a ees Se 
\7 NO C-C,H, al _— 


5: 7-Dihydrozry-3-phenyl-2-methylbenzo-y-pyrone, 


A mixture of 4 grams of phloroglucinol and 5 grams of ethyl 
a-phenylacetoacetate was dissolved in a small quantity of glacial 
acetic acid, 20 grams of finely powdered anhydrous zine chloride 
were added, and the whole was heated for about six hours at 
105—110°. On pouring the mixture into water, a viscid oil 
separated, which solidified on stirring. This was collected, washed, 
and crystallised from dilute acetic acid: 

0°1058 gave 0°2776 CO, and 0°0438 H,O. C=71:56; H=4-60. 

C,,H,,.0, requires C=71'64; H=4°47 per cent. 

5: 7-Dihydroxy-3-phenyl-2-methylbenzo-y-pyrone crystallises in 
lemon-yellow needles, melting at 178°. It dissolves in alkali 
hydroxide, giving a yellow colour, but no fluorescence. It is 
readily soluble in alcohol or acetic acid, sparingly so in hot water, 
and insoluble in benzene or light petroleum. In concentrated 
sulphuric acid it dissolves with a yellow colour, and exhibits a 
green fluorescence. It does not reduce ammoniacal silver nitrate 
solution, even on boiling. 

The acetyl derivative crystallises from dilute alcohol in colour- 
less needles; melting at 146°: 
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0°1164 gave 0°2758 CO, and 0°0490 H,O. C=64°62; H=4°76. 
C.9H,g0, requires C=64°82; H=4°86 per cent. 


7-Hydroxy-3-phenylb enzo-y-pyrone, 
O 
OH’ \“ \cu 
i . 


This substance was prepared from resorcinol and ethyl a-pheny]l- 
formylacetate. A mixture of 4 grams of resorcinol and 5 grams 
of the ester was dissolved in a small amount of glacial acetic 
acid, and heated with about 15 grams of finely powdered 
anhydrous zinc chloride at 100—105° for five to six hours. The 
oil which at first separated on pouring the mixture in water partly 
solidified on being stirred. The product was freed from oily 
material by pressing it on porous earthenware, and was crystal- 
lised from dilute alcohol. The yield was poor: 


0°1074 gave 0°2750 CO, and 0°0470 H,O. C=70°00; H=4°86. 
C,;H,,0.,H,O requires C=70°31; H=4°68 per cent. 


7-H ydroxy-3-phenylbenzo-y-pyrone crystallises in pale yellow 
needles, melting at 131°. When dissolved in alcohol, it gives a 
green fluorescence, and the solution becomes violet on the addition 
of a drop of ferric chloride. It dissolves in sodium hydroxide 
with a red colour, and in concentrated sulphuric acid it develops 
a green fluorescence. 


Condensation of Resorcinol with Ethyl Acetylmalonate and with 
Ethyl Benzoylacetoacetate. 


A mixture of five grams of resorcinol and 10 grams of ethyl 
acetylmalonate or 11 grams of ethyl benzoylacetoacetate was 
cooled in ice, and 15 c.c. of concentrated sulphuric acid were 
slowly added. The mixture was kept overnight, and then poured 
on ice. The precipitate was collected, washed, and crystallised 
from alcohol. In the case of ethyl acetylmalonate, B-methyl- 
umbelliferon, and in the case of ethyl benzoylacetoacetate, 
8-phenylumbelliferon, was obtained. They were identified by their 
melting points and by the preparation of their acetyl derivatives. 

In the case of ethyl benzoylacetoacetate, the condensation was 
also attempted with anhydrous zinc chloride, the product being the 


same as in the previous case. 
' 
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Interaction of m-Cresol and Ethyl a-Phenylacetoacetate. 


Three grams of m-cresol and 5 grams of the ester were mixed 
with 10 c.c. of concentrated sulphuric acid, and the mixture was 
kept overnight, when it was poured on ice, but nothing of the 
nature of a solid substance separated, even on long keeping. The 
result was the same when the reacting mixture was warmed on a 
water-bath. 


Our thanks are due to Dr. Smiles and Dr. Tuck for their con- 
tinued interest and encouragement during this investigation. 


ORGANIC LABORATORY, 
UNIVERSITY COLLEGE, 
LONDON. [Received, May 17th, 1915.] 


CXVII.— The Absorption Spectra of Mono-substituted 
Benzene Compounds, and the Benzene Substitution 


Law. 


By Epwarp Cuaries Cyrit Baty and Frepericxk GERALD 
TRYHORN. 


In a previous paper (Baly and Collie, T., 1905, 87, 1332), the 
absorption spectra of certain mono-substituted benzene compounds 
were described, and attention was drawn to the fact that generally 
a difference was to be noted between those compounds which give 
meta-disubstituted derivatives and those which give ortho- and 
para-derivatives. At that time, sufficient was not known about 
the interpretation of absorption spectra to formulate any theory 
as regards the mechanism of substitution in the benzene ring. 
Some more recent observations would, however, seem to give the 
key to the problem, and to afford an explanation as to why certain 
substituent groups direct a second group to the ortho- and para- 
positions, and why others have a meta-directing influence. 
During the past two years, the view has been put forward in 
several papers that the molecules of any compound form the 
centres of electromagnetic force fields which tend more or less to 
be closed owing to the condensing together of the force lines 
arising from the fields of the component atoms. The chemical 
reactivity of any molecule depends on the condition in which its 
force field exists. If the field be entirely closed, the reactivity 
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will be vanishingly small, and it will be necessary that the field 
be opened or unlocked before any reactivity can be developed. 
This opening up or unlocking of a given field takes place in stages, 
and the establishment of one or more of these stages may be pro- 
duced by means of a suitable solvent. Each stage is characterised 
by the power of absorbing light rays of definite wave-length, and 
hence the appearance of one or more absorption bands may be 
taken as evidence of the presence of one or more stages in the 
opening up of a given molecular field. Each such stage, more- 
over, is endowed with a definite inherent reactivity. The experi- 
mental evidence in support of these conclusions has already been 
given in previous papers (Baly and Rice, T., 1912, 101, 1475; 
1913, 108, 91; Baly and Krulla, T., 1912, 101, 1469; Baly, Phil. 
Mag., 1914, [vi], 27, 632; 1915, [vi], 29, 223; Baly and Hampson, 
this vol., p. 248). It may be stated, therefore, that when a sub- 
stance exhibits a deep and well-pronounced absorption band, its 
force field exists in one of the opened-up stages, and possesses a 
pronounced chemical reactivity. 

It is a remarkable fact in connexion with the disubstituted 
derivatives of benzene, where the two groups are electropositive 
in type (ortho- and para-directing), that the para-isomeride shows 
a more pronounced absorption band than the other two isomerides 
(Baly and Ewbank, T., 1905, 87, 1347, 1355). It has also been 
found that when the vapour spectrum has been examined, the 
absorption band of the para-isomeride is more readily resolved into 
fine absorption lines than in the case of the ortho- and meta- 
isomerides (Hartley, Phil. Trans., 1908, [A], 208, 475; Mies, 
Zeitsch. wiss. Photochem., 1909, 7, 357; 1910, 8, 287; Baly, T., 
1911, 99, 856). The difference between the absorption of the 
three xylenes is well shown by the curves in Fig. 1, which repre- 
sent the absorptive power of thin films of the three compounds. 
The curves express the relation between the quantity of light 
absorbed and the wave-length, the numbers on the ordinates being 
the molecular extinction coefficients, that is to say, the values of 
log Z,/dce, where Z, and Z are the intensities of the incident and 
emergent light, respectively, d the thickness of the absorbing layer, 
and ¢ the molecular concentration. The marked difference between 
p-xylene and its isomerides is shown in three ways; in the first 
place, the amount of light absorbed by the same molecular con- 
centration is enormously greater; secondly, the band is more sub- 
divided ; and, lastly, the persistence is very much larger. By the 
persistence is meant the difference between the molecular extinc- 
tion coefficients at the top and bottom of the absorption band. 
The values are shown in table I. 
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TaBLe I. 
Meta-. Ortho-. Para-. 


Maximum extinction coefficient . 168 193 420 
136 159 394 


It is perfectly clear from these results, which have been amply 
confirmed by a study of other compounds, that when the two sub- 


Fie. 1. 
Wave-lengths. 
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stituent groups are of the electropositive type, the force field of 
the para-isomeride is the least closed of the three. Now, the re- 
activity of any molecule depends directly on the condition of its 
force field, being greater the more the field is open, and thus the 
conclusion is reached that if a monosubstituted benzene compound 
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possesses a force field with little tendency to close up, the reactivity 
will be most pronounced at the para-position, with the result that 
a para-disubstituted derivative will be obtained. Since the con- 
ditions under which the force field exists may readily be examined 
by means of the spectroscope, it may be stated that when any 
mono-substituted benzene compound shows a pronounced absorption 
band, it must give para-disubstituted derivatives. Of course, some 
of the ortho-isomeride may be formed along with the para, but, 
in general, it may be concluded that when the absorption band is 
very pronounced, the para-isomeride will greatly preponderate. 

The original view put forward by one of us (Baly, Stewart and 
Edwards, T., 1906, 89, 514) as to the mechanism of the para- 
substitution would therefore seem to be confirmed. According to 
this view, the benzene ring is in a state of oscillation between the 
phases 


A 
BASF B Ff 


| ’ 


i cD £ 
D 


where any electropositive group (o- and pdirecting) is substituted 
at A. The free affinity, therefore, will be most evidenced at the 
two para-carbon atoms, with the result that a molecule of chlorine, 
for example, will react to give the compound 


By loss of hydrogen chloride, this compound will give the p-chloro- 
disubstituted derivative. At the same time, the neighbouring 
atoms, B, F, may be influenced by the presence of the group pre- 
sent at A, and the relation between the two will determine the 
amount of the ortho-isomeride which is produced. The greater 
the influence, the more ortho- and less para-derivative will be 
formed. The influence of a strong acid field, such as nitric acid 
and concentrated sulphuric acid, on the benzene ring has already 
been pointed out (Baly and Rice, loc. cit.), and therefore the less 
strongly marked is the electropositive nature of the group at A, 
the more ortho-compound will be formed. 

It may now be shown that the converse is true of the meta- 
position. The values given in table I show that the absorptive 
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power of m-xylene is decidedly less than that of o-xylene, and 
therefore the force field of the meta-disubstituted compound is the 
most closed of the three isomerides. This is very well shown by 
mesitylene (the absorption for a thin film of which is given in 
Fig. 1), for the maximum coefficient has now fallen to 128 and the 
persistence to 82. A still more striking fact is that the band of 
mesitylene vapour is not resolved into fine lines like those of its 
homologues (Hartley, Phil. Trans., 1908, [A], 208, 457). It is 
therefore clear that the meta-substitution renders the force field 
of a compound relatively closed, in spite of the fact that the same 
substituting groups do not give a closed field when in other posi- 
tions. It is perhaps a fair conclusion to draw that when the 
force field of a mono-substituted benzene derivative is difficult to 
open up, the inhibiting influence of the substituent group is act- 
ing through the meta-positions. This condition may be diagram- 
matically expressed by the configuration 


/\N 
mAs 
7 


where A is the group which tends to close the molecular force field 
of the system. This conception has already been put forward by 
Collie in explanation of the phenomenon of meta-substitution. 
When such a closed field is opened, as, indeed, it must be opened 
before any reactivity is developed, the maximum reactivity will 
therefore be evidenced at the meta-positions, and hence a second 
substituent group will enter the ring at one or both of these posi- 
tions. It thus follows that when a monosubstituted benzene deriv- 
ative shows an absorption band of small persistence, whereby the 
existence of a closed field is proved, such compound will tend to 
give meta-disubstituted derivatives. 

These conclusions, drawn from the force-field theory, are well 
supported by the results of some observations of the absorptive 
power of mono-substituted benzene compounds. Since, as a general 
rule, the reaction involving the entry of a second substituent group 
is carried out with the pure compound or with a very concentrated 
solution, it is necessary to compare together the absorptive powers 
of the pure, homogeneous substances, and not of their dilute solu- 
tions, since frequently very material changes are introduced by 
the presence of a large mass of solvent. So much is this the case, 
that it would seem probable that in some instances the well-known 
substitution laws would not hold if the reactions could be carried 
out with solutions as dilute as V/1000. 

The necessity for using thin films of the homogeneous compounds 
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has limited us to those which are liquid at the ordinary tempera- 
ture, or at any rate to those which melt at fairly low temperatures. 
The thin films were readily enough obtained by the use of tin foil 
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or platinum foil of known thickness. Two flat quartz plates were 
taken, and three very small fragments of the foil of the required 
thickness placed between them. The plates were then pressed 
together, and the liquid to be examined was allowed to flow between 
4a 2 
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the plates from a fine capillary tube. Two types of foil were used, 
namely, tin foil 0°01 mm. thick and platinum foil 0°025 mm. thick. 
In some cases thinner films were necessary, and these were obtained 
by gently pressing together the two plates with a drop of liquid 
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between them. The thickness of the film in this case was either 
directly measured by a micrometer or calculated from the absorp- 
tive power compared with that of a film of known larger thickness 
(0°01 mm.). The observations were made with a Hilger rotating 
sector ultra-violet photometric attachment to a large quartz 


Seaton aon edema 
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spectrograph, and it may be explained that it is possible with this 

instrument to obtain a large range in the measurement of the 

absorptive power of a single absorbing layer. The range of 

logZ,/Z is from 0°3 to 2°1, and therefore for a layer 0°001 cm. 

thick of a liquid of 10N-concentration, the effective range is from 
0°3 t 2:1 


a mee eo 


lo x0001 . 10 x0001 


that is, from a molecular extinction of 30 to 210. In many cases 
this was amply sufficient. If the upper limit of 210 for the mole- 
cular extinction was too small, a thinner film of liquid was 
necessary. With a film 0°003 mm. thick, a range of molecular 
extinction can be measured of from 100 to 700. 

The absorption curves of twenty-two mono-substituted benzene 
derivatives aré.shown in Figs. 2—6, a thin film of the pure, homo- 
geneous substance being used in each case. With the exception 
of three compounds on Fig. 2, namely, benzyl ethyl ether, ethyl 
phenylacetate, and benzonitrile, the absorption curves agree with 
the deductions made from the force-field theory, for all the com- 
pounds which give meta-disubstituted derivatives show absorption 
bands of very small persistence, whilst of those which give ortho- 
and para-disubstituted products, all show bands of large persist- 
ence. The values are given in table II. 


TasBce IT. 
Maximum 
extinction 
coefficient. Persistence. Figure 
Nitrobenseme — .....cccccccccccccccccccccoccscce 152 8 2 
Ethyl benzoate ..............006. Ist Band 300 8 2 
2nd Band 398 8 
Benzophenone ........-..++0000s Ist Band 120 8 3 
2nd Band 212 8 
Benzaldehyde  .............0000« Ist Band 180 8 2 
2nd Band 243 8 
Acetophenone ............+e00+ Ist Band 582 8 6 
2nd Band 724 10 
tert.-Butylbenzene............c.ccseecessesesees 114 74 5 
Benzyl alcohol ...........cccccccsececesseeess 182 96 5 
ANMIMO ...ccccccccscccccccccsccecs Ist Band 180 97 + 
2nd Band 295 81 
8-Phenylpropionic acid ...........s.eceeeeee 146 116 3 
Phenylacetonitrile  ............ccccececseseeee 143 117 4 
Chlorobenzene .........cccccccccccccscccceesecs 180 160 4 
PED nttnsinnesiinianiusdnctiiansabsceaicriases 204 164 4 
Ethyl cinnamate ..............c.sseeeeeseeeees 438 174 5 
Diphenylmethane _ ............sessecesseceees 393 205 4 
DEDERFl cs ccocccccscossccoveccsccesecccoscencsoce 316 218 5 
scccccccsccccoccccece 6 
PTITITT rin 3 
eeececcoccccscescosoosccnscocsessoceseces 6 
seececcececcccccccccccoccccecs 3 
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The difference between the persistence shown by the first five 
compounds and the last fourteen is very remarkable. Before 
speaking of the three substances specified above, two. points may 
be raised as regards those detailed in table II. In the first place, 
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all the compounds which give ortho- and para-disubstituted deriv- 
atives show a persistence greater than 95, except tert.-butylbenzene. 
The reactivity of this compound should therefore be considerably 
less towards substituting reagents than toluene, a fact that has 
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been well established. Secondly, the action of chlorine on boiling 
toluene to give benzyl chloride indicates that its benzenoid activity 
is much less pronounced at high temperatures. As may be seen 
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by the dotted curve in Fig. 4, the maximum extinction of toluene 
at 100° is 96, and the persistence has fallen to 32. 

It must be remembered, in making any comparison between the 
reactivity of a compound towards substituting reagents and its 
absorption spectrum, that substances like chlorine only should be 
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considered. Nitration by means of the nitric-sulphuric acid mix- 
ture should be excluded, because in many instances it is quite 
possible that the force field of the molecule is opened up in quite 
a different fashion when a strong acid is used as a solvent. This 
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has been shown in previous papers (Baly and Rice, T., 1912, 101, 
1475; 1913, 108, 2085; Baly and Hampson, this vol., p. 248). 
When, however, the gabshance is treated with chlorine, with little 
or no solvent present, the reactivity should be measurable from 
the absorptive power, and the values given in table II show that 


; 
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the relation between the two, deduced from the force-field theory, 
is undoubtedly ‘established. 

There still remains to be considered the three compounds benzo- 
nitrile, benzyl ethyl ether, and ethyl phenylacetate, the absorption 
exhibited by which in thin films is shown in Fig. 2. The two 
latter compounds are characterised by the fact that they show no 
evidence of any absorption band such as is shown by the nineteen 
compounds already dealt with. This is somewhat striking, because 
they differ so markedly from the parent compounds, benzyl alcohol 
and phenylacetic acid. The reactivity of these compounds appears 
also to be very small, for they do not appear directly to give sub- 
stitution products when treated with chlorine. For example, 
benzyl ethyl ether gives benzaldehyde and ethyl chloride. There 
is some temptation to connect this want of reactivity with the 
absence of an absorption band, but a conclusion such as this can 
hardly be based upon two compounds only. 

On the other hand, benzonitrile, with a maximum extinction of 
234 and a persistence of 115, would seem to be an undoubted ex- 
ception, for its absorptive power curve would lead us to expect 
that, on treatment with chlorine, the o- and pderivatives would 
be obtained. The fact that the m-nitro-derivative is formed when 
the compound is treated with a solution of potassium nitrate in 
pure sulphuric acid does not bear on the problem, for the reasons 
already advanced. As a matter of fact, chlorine seems to have 
no action on benzonitrile, and this is doubtless due to the fact that 
an additive compound would at once be produced of the benzo- 
nitrile molecule with the hydrogen chloride set free by the sub- 
stitution reaction. This additive compound would have a very 
much reduced reactivity, as is shown by the dot and dash portion 
of the curve in Fig. 2, which is that obtained after a little dry 
hydrogen chloride has been passed into the benzonitrile. The 
maximum extinction has fallen from 234 to 200, and the persistence 
from 115 to 60. 

We attempted to observe the absorption of benzonitrile in pure 
sulphuric acid, in order to prove that the condition of the force 
field is different in this solvent. Although it was obvious that the 
absorption curve is entirely different, yet the polymerisation to 
cyaphenin took place so rapidly as to preclude the complete curve 
being examined. The very fact that cyaphenin is formed is in 
itself a proof that the molecular force field is in a different con- 
dition from that in the pure, homogeneous liquid. No arguments, 
therefore, for or against the theory can be based upon benzonitrile. 

In conclusion, it may be pointed out that, without doubt, there 
exists a close connexion between the absorptive power of a mono- 
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substituted benzene compound and the type of disubstituted deriv- 
ative it gives when treated with a reagent such as chlorine. If 
the compound shows a marked selective absorption band, that is 
to say, if its force field remains open and its molecular vibrations . 
are but little restrained, para- and ortho-<disubstituted derivatives 
are formed. If the compound shows only slight evidence of 
selective absorption, that is to say, if its force field is closed and its 
molecular vibrations are restrained, meta-disubstituted derivatives 
are obtained. The mechanism of the substitution in each case 
follows directly from the force-field theory. If the force field is 
not condensed, owing to the substituent group being similar to the 
benzene nucleus, the molecular vibration causes the free affinity 
to be evidenced to the greatest extent at the para-positions. In 
the case of the force field being closed, the necessary restraining 
influence acts through the meta-position. When such closed field 
is opened, the free affinity will be most developed at those meta- 
positions. Substitution will obviously take place where the free 
affinity is most developed. 


Tue UNIVERSITY, 
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CXVIIIl.—Reactivity of the Halogens in Organic 
Compounds. Part VIII. Interaction of Alkalis 
and Alkali Bromoacetates and Bromopropionates 
in Methyl-alcoholic Solution. 


By Grorce Senter and Henry Woop. 


In previous papers (T., 1909, 95, 1827; 1912, 101, 2534), the 
results of an investigation of the mechanism of the displacement 
of chlorine by hydroxyl (termed by Frankland hydroxylation) in 
sodium bromoacetate and a-bromopropionate have been communi- 
cated. It was shown that whereas the reaction between sodium 
bromoacetate and sodium hydroxide is strictly bimolecular, the 
effect of water being negligible in comparison with that of sodium 
hydroxide, the hydroxylation of sodium bromopropionate does not 
follow a simple order of reaction, since the rate of actions of 
water and dilute alkali are of the same order of magnitude. 
Some time afterwards, Madsen (T., 1913, 103, 965) published 
the results of corresponding experiments with methyl alcohol as 
solvent, and drew the conclusion that whereas the reaction between 


HALOGENS IN ORGANIC COMPOUNDS. PART VIII. 1071 


sodium bromoacetate and sodium methoxide in methyl alcohol is 
bimolecular, the corresponding reaction with sodium a-bromo- 
propionate is unimolecular. As Madsen made comparatively few 
measurements, and reactions of this type are of great theoretical 
interest, we have repeated his experiments, and extended the in- 
vestigations in several directions. Although Madsen’s views as to 
the order of the reactions were very natural on the basis of his 
slender experimental data, we now find that neither of his con- 
clusions is accurate. The reaction between sodium bromoacetate 
and sodium methoxide is pseudo-bimolecular in character. The 
course of any one reaction is satisfactorily represented by the 
equation for a bimolecular reaction, but the velocity-coefficient is 
not independent of the initial concentrations of the reacting sub- 
stances—in other words, the speed of reaction is not proportional 
to the molecular concentration of each of the reacting substances 
when the initial concentrations are varied. Further, in the corre- 
sponding reaction with sodium bromopropionate, the speed is not 
independent of the concentration of the sodium methoxide, as 
Madsen states, but increases with increasing concentration of the 
methoxide, although not in the same proportion, and it has been 
found that the two reactions, the action of sodium methoxide and 
of methyl alcohol on sodium bromopropionate, proceed at com- 
parable rates. There is, therefore, a very close analogy between 
the reactions in water and in methyl] alcohol. 

The rate of displacement of halogen from the same salts has also 
been measured in mixtures of methyl alcohol and water, with the 
interesting result that a maximum velocity is observed in mixtures 
containing about 60 per cent. by volume of water. Further, it is 
shown that the relative proportions of methoxy- to hydroxy-acid 
formed is in all cases much greater than corresponds with the 
concentration of methyl alcohol in the mixture. These observa- 
tions have a close analogy to those described by Lobry de Bruyn 
and Steger (Rec. trav. chim., 1899, 18, 41, 311; compare Lobry 
de Bruyn and Tijmstra, Zeitsch. physikal. Chem., 1905, 50, 436) 
on the displacement of a nitro-group in p-dinitrobenzene, and of 
the halogen atom in alkyl iodides, in mixtures of methyl alcohol 
and water. The light thrown by these investigations, and those 
described in the present paper, on the position of equilibrium in 
the system 

CH;°ONa+ H,O — CH,-OH + NaOH 
is discussed. 


Method of Experiment. 


The methyl alcohol was dehydrated by treatment with metallic 
sodium, and subsequent distillation. As a small amount of water 
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is practically without influence on the rate of the reactions 
measured, careful dehydration of the solvent was not essential. 

The bromoacetic acid was recrystallised from benzene. 
Equivalent, determined by titration, 138°7; theory, 139°0. The 
bromopropionic acid was purified by fractional distillation under 
diminished pressure. Equivalent, by titration, 153°6; theory, 
153-0. Both acids contained almost exactly the theoretical pro- 
portion of bromine. 

The experiments were made by heating 20 c.c. of the mixtures 
in sealed Jena-glass tubes, as described in previous papers. The 
progress of the reactions was followed by titrating the contents of 
a tube at definite intervals with approximately W/10-sulphuric 
acid, phenolphthalein being used as indicator. The concentrations 
given in the table are referred to the total volume after mixing 
the reacting substances. In order to avoid errors due to the 
gradual attainment of the temperature of the bath, a tube was 
removed, and the contents titrated ten minutes after the start of 
the reaction, the value thus obtained being taken as the initial 
concentration. The results given in the tables are the mean of 
at least two independent experiments. 

Unless otherwise stated, all measurements were done at 52°4°. 
In each case, a— az represents the alkali concentration at the time 
t, expressed in c.c. of W/10-sulphuric acid. 


Reaction between Sodium Bromoacetate and Sodium Methoride 
im Methyl Alcohol. 


This reaction is represented quantitatively by the equation 
CH,Br-CO,Na + CH;-ONa —> CH,:O-CH,-CO,Na + NaBr. 
A series of measurements was made in which the initial concen- 
trations of both reacting substances were varied. The results of 
two typical experiments are given in the accompanying table. 


TaBLeE I, 
Sodium bromoacetate, 0-1N. Sodium bromoacetate, 0-1LN. 
Sodium methoxide ... 0-1N. Sodium methoxide ... 0-3N. 
¢ (min.). a—z. kx 10°. | t(min.). a—2z b—z kx 108. 
0 18-5 _— 0 52-3 14-1 _— 
60 14-6 0-24 30 46-4 8-2 0-37 
120 12-1 0-24 90 41-3 3-1 0-37 
240 9-0 0-24 150 39-2 1-1 0-39 
420 6-4 0-24 


In the table, b—« represents the concentration of the bromo- 
acetate in the same units as for the concentration of the methoxide, 
and the values of & are calculated by the usual formula for a 
bimolecular reaction. 


-arornel 
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A summary of the results obtained with varying initial con- 
centrations of the reacting substances is given in table II. 


TaB_LeE II. 
Sodium Sodium 
methoxide. bromoacetate. kx 10°. 
0-1N 0-1N 0-24 
0-2N 0-1N 0-30 
0-3N 0-1N 0-37 
0-05N 0-05N 0-17 
0-2N 0-05N 0-28 


These results show that whereas the effect on the velocity- 
coefficient of varying the concentration of the bromoacetate is 
small, the coefficient is markedly increased by increasing the con- 
centration of the methoxide. One possible explanation of this 
interesting result is that the non-ionised sodium methoxide, which 
is present in relatively larger proportion in the more concentrated 
solutions, is more active than the non-ionised salt. 

Unfortunately, it is difficult to test this suggestion quantita- 
tively, owing to our imperfect knowledge of ionisation in methyl 
alcohol as solvent. Using Carrara’s data for the dissociation of 
sodium methoxide in methyl alcohol (Gazzetta, 1896, 26, i, 134), 
and applying an approximate correction for the effect of sodium 
bromoacetate on the dissociation, on the basis of the theory of 
isohydric solutions (compare Kay, Proc. Roy. Soc. Edin., 1899, 
22, 484), it may be calculated that the values of a, the degree of 
dissociation, for the sodium methoxide in the two last solutions 
of table II are 71 per cent. and 53 per cent. respectively, whence 
it follows that the proportion of non-ionised methoxide in the two 
cases is about 1:1°6. The velocity-coefficient, in passing from 
0°05N- to 0°2N-sodium methoxide, is 0°17: 0°28, which is also 
about 1:1°6. This agreement is, however, probably better in 
appearance than in reality, as from the measurements of Tijmstra 
(Zeitsch. physikal. Chem., 1904, 49, 345) and Dempwolff (Physikal. 
Zeitsch., 1904, 5, 637) the value of the limiting conductivity for 
sodium methoxide in methyl alcohol given by Carrara is almost 
certainly too low, and therefore his values for a are too high. 

The above suggestion may also be tested by altering the 
equilibrium between sodium methoxide and its ions by addition of 
a salt with a common ion, and determining the effect on the rate 
of reaction. We find that the addition of sufficient sodium 
bromide to make the solution 0°4N with regard to this salt in- 
creases the velocity-coefficient for the rate of reaction between 
sodium methoxide and sodium bromoacetate from 0°24 to 
0°54 x 10-%, that is, in the ratio 2°3:1. The calculated value of 
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the increased relative concentration of non-ionised sodium meth- 
oxide under these conditions (from Carrara’s data) is only about 
1:7: 1. It is clear that the above hypothesis as to the mechanism 
of the reaction cannot be tested conclusively until more accurate 
data for ionic equilibria in methyl alcohol are available. Madsen 
(loc. cit.) >\so found that the rate of the reaction under con- 
sideration is increased by addition of sodium bromide. 

As the rate of reaction increases more rapidly than the con- 
centration of the methoxide, it appears certain that the action of 
methyl alcohol on sodium bromoacetate is negligible in comparison 
with that of sodium methoxide. This conclusion was tested by 
experiment. Twenty c.c. of a 0°1N-solution of sodium bromo- 
acetate in methyl alcohol, after heating for sixty-six hours at 
52°49, required 1°20 c.c. of V/10-sodium hydroxide for neutralisa- 
tion, and the liberated bromidion was equivalent to 3°7 c.c. of 
silver nitrate. As shown in an earlier paper (Senter, T., 1912, 
101, 2540), the relatively greater rate of production of bromidion 
indicates the intermediate formation and hydrolysis of a sodium 
salt of bromoacetoxyacetic acid. A comparison of the above 
figures with those in table I shows, however, that the formation 
of this intermediate compound plays very little part in the reaction 
when sodium methoxide is present. 

The velocity-coefficient in 0°1N-solution of sodium bromoacetate 
and methoxide at 60°4° is 0°50x10-%, so that the temperature- 
coefficient for 10° is about 2°8. 

A parallel experiment with potassium and sodium methoxides 
gave velocity-coefficients in the ratio 29: 23, so that potassium 
methoxide is considerably the more reactive. 


Reaction between Sodium Methozxide and Bromopropionate in 
Methyl Alcohol. 


It was found that the reaction between sodium methoxide and 
bromopropionate is much slower than the corresponding reaction 
with sodium bromoacetate, and that sodium bromopropionate 
reacts much more rapidly with methyl alcohol in neutral solution 
than does sodium bromoacetate. For these reasons, it appeared 
likely that the rate of reaction of sodium bromopropionate with 
sodium methoxide and with methyl alcohol would proceed at com- 
parable rates, and this is entirely borne out by the parallel ex- 
periments shown in the accompanying table. 


Pabaa. 
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Tasie IIT. 
(a). (b). 
Sodium bromopropion- 
GD scaceccescnsccosecees 0-1N Sodium bromopropionate ......... 0-1N 
Sodium methoxide ...... 0-1N Solution initially neutral. 
N/10- N/10- 
NaOH. AgNO,. 
(min.). a—z kx 10°. t(min.). c.e. C.c. a—x kx10. 
0 20-4 -— 0 0 0 20-0 --- 
60 19-5 0-037 120 1-25 1-55 18:75 0-027 
180 17-9 0-037 360 3-3 3-9 16-7 0-026 
300 16-4 0-040 1320 8-4 9-6 11-6 0-022 
450 14-9 0-040 1680 9-7 10-8 10-3 0-021 
1380 8-6 0-049 


The velocity-coefficients under (a) are calculated by the equation 
for a bimolecular reaction; those under (b) by the equation for a 
unimolecular reaction. The latter numbers have been divided by 
20 in order to make them comparable with those under (a). 

The numbers in the second and third columns in section (b) of 
the table form a further illustration of the fact discussed in the 
last section, that the acidity of the solution and the liberation of 
bromidion do not always proceed at the same rate. In this case, 
also, an intermediate compound, 

CH,°CH(O-CO-CHBr-CH;)-CO,Na, 

is formed, which is slowly hydrolysed to bromopropionic acid and 
a-methoxypropionic acid. Madsen (Joc. cit.) is therefore quite 
justified in his suggestion that the formation of intermediate com- 
pounds of the type discussed by one of us (Senter, Ber., 1912, 45, 
2318; T., 1912, 101, 2534) plays a part in the change, although he 
obtained no direct experimental evidence of the validity of his 
view. The formation of intermediate compounds plays a more 
important part in this case, as the direct reaction between sodium 
methoxide and sodium bromopropionate is relatively slow. 

As already pointed out, the order of reaction in this case comes 
between that for a unimolecular and a bimolecular change, and 
this explains why the velocity-coefficients in table LII (a), calcu- 
lated by the equation for a bimolecular reaction, slowly increase 
as the change proceeds. The best method of investigating the 
effect of the concentrations of the reacting substances on the rate 
of the reaction is to vary the initial concentrations and to calcu- 
late the results by the formula for a bimolecular reaction. The 
results obtained in this way are summarised in table IV. 
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Taste IV. 
Sodium Sodium 
methoxide. bromopropionate. kx 10°. 
0-3N 0-1N 0-027 
0-1N 0-1LN 0-037 
0-35N 0-05N 0-027 
0-15N 0-05N 0-030 
0-1N 0-05N 0-037 


The figures show that the rate of reaction is proportional to the 
concentration of the bromopropionate. As regards the effect of 
the concentration of the methoxide, if the rate of action was 
independent of this, as Madsen states (loc. cit., p. 972), the 
coefficient in line 1 of the table would be about one-third of that 
in line 2, whereas if the rate of reaction was proportional to the 
concentration of the methoxide, the coefficients would be the same 
for the dilute and the concentrated solution, namely, 0°037 x 10-%. 
The coefficient actually observed for the concentrated solution, 
0°027 x 10-3, lies between the two extremes, and the conclusion 
that sodium methoxide and methyl alcohol act on sodium bromo- 
propionate at comparable rates is therefore established. 

The velocity-coefficient, k,, for the reaction between sodium 
bromopropionate and sodium methoxide can be calculated by the 
formula given in the earlier paper (loc. cit., p. 1839) for the corre- 
sponding reaction in aqueous solution, using the velocity- 
coefficient, &,, for the reaction between sodium bromopropionate 
and methyl alcohol, determined in a separate experiment. The 
approximate value of k, is 0°025x10-% for the units employed 
in this section (0°1¥-solutions). 


Reaction between Sodium Bromoacetate and Methozxide in 
Mixtures of Methyl Alcohol and Water. 


The rate of displacement of bromine from sodium bromoacetate 
was also determined in a series of mixtures of methyl alcohol 
and water. An interesting feature of the results is that the 
velocity-coefficients, calculated on the assumption that the reaction 
is bimolecular, are remarkably constant, although the equilibria 
in the system must be rather complicated. This is illustrated by 
the results of the two typical experiments cited in the accompany- 
ing table. The figures as to the composition of the solvent refer 
to percentages by volume. In all the experiments described in 
this section, 0°1N-solutions of sodium bromoacetate and sodium 
methoxide were used. 
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TaBLe VI. 
{ Methyl alcohol ... 90 f Methyl alcohol ...... 25 
Solvent | Water ............... 10 EE aan 15 
¢ (min.). a—®2. kx 108. | t (min.). a—x. kx 108. 
18-75 — | 0 17-7 — 
30 16-0 0-305 30 13-7 0-55 
60 14-0 0-302 60 11-3 0-54 
90 12-3 0-310 90 9-4 0-55 
150 10-2 0-291 150 7-4 0-52 


The mean values of the velocity-coefficients in the different dilu- 
tions are as follows, at 52°4°: 


TaBLe VI. 
Methyl alcohol, per- 
centage by volume 100 90 75 50 40 25 10 0 
(water only.) 
Velocity-coefficient 
KIM cccccccccccccscese 0-24 0-30 0-44 0-54 0-56 0-55 0-42 0-30 


The interesting result is thus obtained that there is a maximum 
velocity in mixtures containing 50—75 per cent. of water, nearly 
double that in pure water, and more than double that in pure 
methyl alcohol. 

It is known that in mixtures containing sodium methoxide and 
sodium hydroxide, both glycollic and methoxyacetic acids are 
formed, and in order to interpret the above results, the ratio in 
which these two acids are produced must be determined. The 
simplest. method of doing so appeared to be'the estimation of the 
methoxy-group in the mixture, a procedure already employed by 
Madsen (loc. cit.), who, however, examined only mixtures con- 
taining a small proportion of water, and did not observe a maxi- 
mum velocity. Mixtures containing sodium bromoacetate and 
methoxide-hydroxide in equivalent proportions were heated in 
sealed tubes for five days at 52°4° to ensure the completion of the 
reaction. The solution was then evaporated to dryness, the residue 
neutralised, if necessary, with a drop or two of acetic acid, care- 
fully dried in a vacuum over sulphuric acid for some time, and 
the proportion of methoxyl estimated by Zeisel’s method in the 
usual way,* and the proportion of sodium bromide by titration 
with silver nitrate. The mean results of independent series of 
experiments are given in the accompanying table. 


* The accuracy of Zeisel’s method under the experimental conditions was 
confirmed by using vanillin, which was found to contain the theoretical 
proportion of methoxyl. Zeisel’s method has also been employed in the 
estimation of the methoxy-group in methoxy-acids by Purdie (T., 1910, 97, 
1536) with satisfactory results. 
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Taste VII. 
Methyl alcohol, percentage b 
mo ll sanauabeee . spnlnnn hes snes ad 10 25 50 75 90 100 
Percentage of methoxy-acid in 
total acid formed ...............+++ 37-5 64 79 84 94 98 


It was shown by titration with WV/100-bromine water that the 
product contained no appreciable amount of unsaturated acid. 

The figures just given indicate the remarkable result that the 
proportion of methoxy-acid formed is much greater than that 
corresponding with the concentration of methyl alcohol in the 
mixture. In mixtures of methyl alcohol and water to which 
metallic sodium has been added, an equilibrium is doubtless estab- 
lished corresponding with the equation 

CH,-ONa + H,O— CH;°OH + NaOH. 


The mixture containing water and alcohol in equivalent propor- 
tions contains about 31 per cent. by volume of water, and from the 
fact that at least four times as much methoxy-acid as hydroxy-acid 
is formed in this mixture, taken in conjunction with the fact that 
the rate of reaction of sodium bromoacetate with sodium meth- 
oxide in methyl-alcoholic solution is not very different from the 
rate of action of the same salt with sodium hydroxide in aqueous 
solution under equivalent conditions, it might appear as if the 
sodium in a mixture of methyl alcohol and water exists mainly as 
sodium methoxide. As, however, change of solvent has often a 
very marked influence on rate of reaction, the matter requires 
careful consideration before this conclusion can be definitely 
drawn. 

As a preliminary to the discussion of these results, the work of 
earlier observers on analogous reactions may be briefly indicated. 
In the experiments of Lobry de Bruyn and Steger (loc. cit.) on 
the displacement of a nitro-group in m-dinitrobenzene by hydroxy] 
or methoxyl in mixtures of methyl alcohol and water, the velocity- 
coefficients increased regularly from 0°0169 in 100 per cent. 
alcohol to 0°0249 in 50 per cent. alcohol; more dilute solutions 
could not be examined, owing to the insolubility of dinitrobenzene 
in the mixed solvent. The ratio of nitrophenetole to nitrophenol 
formed in 50 per cent. alcohol was about 150: 1, from which the 
authors drew the conclusion that the sodium in the mixture existed 
almost entirely as sodium methoxide. The rate of decomposition 
of methyl iodide in the same mixed solvent showed a maximum 
in mixtures containing about 60 per cent. of water. The relative 
proportions of methyl alcohol and methyl ether could not be con- 
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veniently determined, but evidence was obtained that methyl ether 
is formed in considerable excess. On the other hand, Kremann 
(Monatsh., 1905, 26, 279) concludes from his experiments on the 
hydrolysis of esters in mixtures of alcohols and water that the 
proportion of sodium alkyl oxides in equal volumes of the different 
alcohols and water is small. 

An objection which might be raised to Lobry de Bruyn’s con- 
clusions is that part of the sodium nitrophenoxide first formed 
might be converted into sodium nitrophenetole by methyl alcohol 
or sodium methoxide as the reaction proceeds. In order to meet 
a possible similar objection to our conclusions, sodium glycollate 
was heated for two days at 52°4° with methyl alcohol and with 
sodium methoxide, but no methoxy-acid was formed. We may 
therefore assume that sodium glycollate and sodium methoxy- 
acetate are formed by simultaneous reactions, and that no 
appreciable amount of reciprocal transformation subsequently 
occurs. 

The facts that a maximum velocity occurs in 40 per cent. alcohol 
and a high proportion of methoxy-compound is formed in the very 
different reactions investigated by Lobry de Bruyn and ourselves, 
show that we have to do with a specific property of the mixed 
solvent. Attempts have been made (Tijmstra, Zeitsch. physikal. 
Chem., 1904, 49, 365) to account for the occurrence of the maxi- 
mum on the assumption of the increased dissociation of sodium 
methoxide as the proportion of water is increased, but this would 
not be in accord with our observation that sodium bromide, which 
must diminish the degree of dissociation of sodium methoxide, 
markedly increases the rate of reaction. Thus the velocity- 
coefficient, which is 0°56 x 10-8 in 40 per cent. alcohol, is increased 
to 0°81 x 10-8 when the solution is 0°4N with reference to sodium 
bromide. Pending a more accurate knowledge of the equilibria 
in such mixed solvents, we make the provisional suggestion that 
water exerts a specific accelerating effect on the reactivity of 
sodium methoxide, and that for this reason the proportion of 
methoxy-acid formed does not necessarily correspond with the 
relative concentration of the methoxide present. Such specific 
influences of the solvent are well known, for example, the rate of 
formation of carbamide from ammonium cyanate is increased 50 
per cent. by replacing 10 per cent. of the solvent water by acetone. 
The results as a whole, however, undoubtedly lend support to the 
view that a considerable proportion of sodium methoxide is present 
even in mixtures containing 90 per cent. of water. Similar 
measurements in ethyl alcohol ought to yield interesting results. 
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Unfortunately, sodium bromoacetate is too insoluble in absolute 
alcohol to admit of measurements being made, but we hope at a 
later stage to communicate the results of observations in mixtures 
of this solvent and water. 


CHEMICAL DEPARTMENT, 
BIRKBECK COLLEGE, 
Lonpon, E.C. [| Received, June 14th, 1915.] 


CXIX.—The Formation and Stability of spiro-Com- 
pounds. Part I. spiro-Compounds from cyclo- 
HHexane. 


By Ricnarp Moore Beestey, CuristopHeR Keik INGOLD, 
and JoceLyn FieE_p THORPE. 


In the series of investigations of which this communication is 
Part I, it is intended to ascertain the effect which is produced by 
the alteration of the tetrahedral angle, consequent on ring-forma- 
tion, on the formation and stability of a second ring joined to 
the existing ring by a quaternary carbon atom common to both. 

In accordance with Baeyer’s strain hypothesis, the normal angle 
of the tetrahedron has to be altered in order to produce the cyclo- 
hexane ring, and the amount of change necessary to produce ring- 
structure, generally, is dependent on the character of the ring 
formed. It is possible, therefore, that the angle formed by two 
side-chains attached to any one carbon atom of, for example, the 
cyclohexane ring, will be altered in proportion to any change in 
the angle between those valencies which participate in the ring- 
formation. In other words, the groups attached to two side-chains 
emanating from the same carbon atom of a cyclohexane derivative 
will be closer together than in a corresponding compound having 
an open-chain structure. 

This can be illustrated, roughly, by means of Fig. (a), in which 
it is assumed that the bending outwards of the two valencies, par- 
ticipating in the ring, causes the other two to distribute themselves 
equally in the remaining space. The angles will then no longer 
be 109928’, but 109°28’—2z2 (hypothesis a). On the other hand, 
if the two remaining valencies of the carbon atom participating 
in the ring-structure retain the tetrahedral angle (Fig. 0), the 
space remaining would have to be distributed equally between the 
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other two angles, which would then be 109°28/-y (hypo- 
thesis 3). 


P agran’—Sep ‘ nenar—2) 
aan mare Cc 
-_ 120 SOL 109°28’- 22) -b a0... 129° SCL 109°28” 
— ee See ee 
(109°28’— 22) (109°28’—y) 
Fig. (a). Fig. (6). 


It is, of course, assumed that there is no distortion of the angle 
of the hexagon caused by the attachment of groups to any one 
carbon atom of the cyclohexane ring, and that the substituted 
derivative retains the plane of symmetry on the dotted line ab. 


Peg 
a et 


Unitraned Carvon Atom Stracned Carber Qiom Steamed Carbon Atom 


Hypothesis b) Mypethesis (a) 
View fr om Below 


The value of the angles z and y can be calculated in the follow- 
ing manner. In the accompanying diagram, Fig. i shows the carbon 
atom in its normal state. For the sake of simplicity, it is assumed 
to be of spherical form, its four valency points, a, 8, ¢, d, being 
situated at the apices of the inscribed regular tetrahedron, and 
being, therefore, at an angular distance of 109°28’ from one 
another. According to Werner’s mode of representation, the 
forces, the resultant of which we regard as a valency, emanate from 
points on the sphere lying within the spherical cap of diameter 
109°28’, the centre or pole of which is the valency point in 
question. 

Fig. ii is drawn to represent the case (hypothesis 6) where 
the forcing apart of the valencies a and } to an angular distance 
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of 120° by the closing of the cyclohexane ring may possibly not 
involve the convergence towards one another of the valencies ¢ 
and d. Here, then, whilst the angular distance between a and b 
is now 120°, that between c and d is still 109°28’. This means, 
as the figure shows, that the spherical caps surrounding a and 6 
do not now merely touch, but actually overlap, the caps surround- 
ing ¢ and d. It follows, therefore, that the angular distances 
between a and c, and between } and c, must be less than 109°28/ 
by the breadth of the overlapping portions, and by considering 
the right-angled spherical triangle, bem, we see that 
cos(be) =cos(me) . cos (mb) =cos 125°16! . cos 60° = — 0°2887, 

whence (bc) =106°47’, or 2°41’ (=y) less than the normal value. 

The other possible case (hypothesis a), and the one which actually 
receives experimental support in the present paper, is illustrated 
in Fig. iii. Here the separation of the valencies a and 6} to an 
angular distance of 120° involves the convergence of ¢ and d 
towards one another until each of the overlappings of the caps 
around a and 6 with those around ¢ and d is equal to the over- 
lapping of the cap around ¢ with that around d. This is equiva- 
lent to saying that the divergence of a and } will cause ¢ and d 
to approach one another until the angular distances, ac, be, ad, bd, 
are all equal to the angular distance of c from d. Each will then 
be less than 109°28’ by the breadth of an overlapping area. The 
exact angular distance, z, through which ¢ will approach d and 
d approach ¢ may be determined by considering the spherical 
right-angled triangle bem, in which me is 125°16/+z2, and 
ch = cd =109°28/—22; mb is, of course, 60°. Hence, 


cos(109°28’ — 22) = cos(125°16/ + «) . cos 60°, 
or 
sin(19°28/ — 27) =} sin(35°16/ + z). 
Putting a=19°28’ and B=35°16’, and using Taylor’s expansion, 
sina—2z.cosa+ ... =4sinB+4z.cosB+ ..... ; 
since z is small compared with a and 8, we may neglect all terms 
after the second and obtain 
_ sina—}sinB __ sin 19°28’ —} sin 35°16 
2cosa+}ecosB = 2 cus 19°28’ + 3 cos 35°16 
= 1°6’, 
It follows, therefore, that the angular distance between each pair 
of valencies, namely, ac, bc, ad, bd, and ed, is 109°28/—2°12/ = 
107°16’. Experimental evidence on the correctness of either one 
or other of these hypotheses should be readily obtainable by a 
comparison of the conditions of spiro-ring-formation from these 
cyclic structures with the corresponding open-chain derivatives. 


= 0°0194 radians. 
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If the conditions represented by Fig. (6) are present, it is 
obvious that no difference would be apparent between the two 
types. If, however, Fig. (a) shows the actual condition of the 
molecule, then there must be a greater tendency to form ring- 
compounds from the cyclic structure, owing to the closer proximity 
of the groups attached to the carbon atoms of the side-chains, 
through the agency of which (elimination of water, hydrogen 
bromide, and so forth) the ring-formation is effected. 

For example, if hypothesis (a) is correct, there should be a 
greater tendency to form the syiro-compound I than there is to 
form the ring-compound II: 


CH ow ‘CH >c<CH Br‘CO,R- = - HBr 


CH,-CH, CH,—CO,.R -> 
CH,:CH H-CO,R 
CH >c<F 
<cn. ‘CH, > <br ‘CO, R 
(I. ) 
CHBr-CO,R ss - ur CH-CO,R 
OR 2 
*<CH,—co;k ae CR ba. ‘CO, R 
(II.) 


whereas if hypothesis (>) is right, then the tendency should be the 
same in both cases. 

In the present paper, a comparison is drawn between the con- 
ditions controlling ring-formation from derivatives of B8-dimethy]l- 
glutaric acid and from cyclohexane-1: 1-diacetic acid: 

CH,°CO,H -CH,°CH CH,°CO,H 
C(CHS<on?.con = CAs on’-cH>C<cn}-cosH 
and the general sondieainds reached are clearly in favour of the 

hypothesis represented by Fig. (a). 

Some years ago (T., 1899, 75, 48), one of us, in conjunction 
with W. H. Perkin, studied the conditions of ring-formation by 
the elimination of hydrogen bromide from {-dimethylglutaric 
acid brominated on either one or both of the a-carbon atoms. The 
general conclusions reached were that the mono-brominated deriv- 
ative gave a mixture of the cyclopropane compound and corre- 
sponding lactone when treated with alcoholic potassium hydroxide: 
O(OH,)<d-oo'H 

-—T 2 

O(CH,),<CHBr:CO, Et = 
eine CH(CO,H)-0 

>» ail 
OCH << G0 


but that aqueous sodium carbonate yielded the lactone only. 
The investigation of the dibromo-derivative was carried out 


later (T., 1901, 79, 729), during an attempt to isolate the corre- 
sponding unsaturated ring-compound. It was found that the 
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action of alcoholic potassium hydroxide produced a mixture of the 
hydroxy-lactone and ethoxycaronic acid, formed by the addition 
of alcohol to the unsaturated linking: 


C-CO, Et 
C(CHS)<H Go Kt 
ie Le 
CHBr-CO,Et OEt)-CO,H 
((CHy).<on Br-CO,Et OCH <Uir-09 H 
ta F 


an CH(CO,H)-0 
(CH) s<on(O8\-—-60 


Recently (T., 1911, 99, 422), a method has been devised by 
which cyclohexane-1: 1-diacetic acid can be prepared in large 
quantities, and it was decided to use this substance as the starting 
point in our series of comparative experiments. 

In the first place, there is a marked difference in the behaviour 
of the cyclic compound and the open-chain derivative when sub- 
jected to the Hell, Volhard, Zelinski method of bromination. In 
the case of the derivative of dimethylglutaric acid, it is possible 
to obtain the monobrominated ester by using the theoretical 
quantity of bromine, but with the cyclohexane derivative under 
the same conditions, the chief product consists of the dibromo- 
compound mixed with unbrominated ester. It was only when 
sufficient bromine was used to form the dibrominated ester that 
an acid by-product was isolated, which proved on investigation to 
be the acid ester of the monobromo-derivative. 

A comparison of the behaviour of ethyl aa’/-dibromo-88-dimethy]l- 
glutarate and ethyl aa/-dibromocyclohexane-1 : 1-diacetate, 

CHBr-CO,Et )H,"CH CHBr-CO,Et 
O(CHs)s<ouBr-co,et — CHs<og?-cH?> Conseco; kt 
supplied the first evidence in favour of the view that a greater 
tendency to ring-formation exists in the latter than in the former. 

Ethyl dibromodimethylglutarate is a stable substance, which can 
be distilled without change at 194°/30 mm. It is, moreover, a 
homogeneous compound, a fact which is clearly shown by its 
reactions (loc. cit.). 

Ethyl dibromocyclohexanediacetate, on the other hand, is 
always obtained as a mixture of cis- and trans-forms. The tramns- 
modification is, for the most part, transformed into the bromo- 
lactone ester under the experimental conditions used: 


cians tan CO,Et-HC-O 
| 
C5H)>C = C;H,,>C 
Br+HC-CO, Et Br*HC-CO 


trans-. trans- (m. p. 96°). 
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A certain amount, however, remains unchanged, and accom- 
panies the stable cis-dibromodicarboxylic ester. They can be 
separated by the action of boiling pyridine, which removes ethyl 
bromide from the trans-modification, and leaves the cis-isomeride 
unattacked. 

The cis-dibromo-ester is completely converted into a mixture of 
bromo-lactones on distillation, from which the above trans-bromo- 
lactone ester can be readily isolated. The second substance pre- 
sent is the cis-bromo-lactone ester, formed from the cis-dibromo- 
ester without change of configuration : 


CO,Et*HC—-O 
aw 


CO,Et*HC-Br | 
Rai ~ C;H,)>C 
C,H,>C | 
| 
CO,Et-HC:Br CO-HC-Br 
cis-. cis- (m. p. 69—70°). 


It is significant that these substances, which are, strictly speak- 
ing, derivatives of the glutaric acid type, since the end-groups are 
separated by three carbon atoms, are actually more closely related 
to compounds of the succinic type. Thus, for example, trans- 
aa/-dimethylglutaric acid does not show any tendency to form 
its own anhydride, but passes into the anhydride of the cis- 
modification on distillation (Auwers and Thorpe, Annalen, 
1895, 285, 310). trans-aa’-Dimethylsuccinie acid, on the other 
hand, yields its own anhydride, which readily passes into the 
anhydride of the cis-modification (Bone and Perkin, T., 1896, 
69, 266). 

The action of alkali on the two forms of the bromo-lactone sup- 
plies further evidence of their structure. According as the con- 
ditions of the alkaline hydrolyses are varied, four different sub- 
stances are produced, the proportion in which they are formed 
depending on the strength of the hydrolysing agent. This can 
be shown by the tables on p. 1086. 

In the first place, it will be noticed that a remarkable degra- 
dation of both bromo-lactones occurs through treatment with the 
alkaline reagent. At first sight, apart from any question as to 
the mechanism that determines this degradation, it seemed difficult 
to explain why the action of 15 per cent. alkali should yield cyelo- 
hexylideneacetic acid (m. p. 92°), whilst the action of 64 per cent. 
alkali produced only cyclohexeneacetic acid, melting at 38°. 
This difficulty was removed, however, when it was found that 
cyclohexylideneacetic acid undergoes isomeric change when heated 
with 64 per cent. aqueous potassium hydroxide, yielding, in the 
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course of a few minutes, its own weight of cyclohexeneacetic acid, 
thus: 
CH,°CH.~n,,.- H,°CH oman « 
CH OH CH > CCH-CO,H —> CH<oH cH? c CH,:CO,H 
(M. p. 92°.) (M. p. 38°.) 


The formation of these acids involves the parting of the 
quaternary carbon atom of the cyclohexane ring in the bromo- 
lactone with one of the four groups directly attached to it. The 
fact was communicated by the authors to Dr. J. Kenner, and was 
discussed by him in a recent paper (T., 1914, 105, 2690). The 
reaction in all probability involves the elimination of the side- 
chain as glycollic acid, or some product derived from this sub- 
stance, thus: 


H OH 
CHBr——-CO +-CH(OH):-CO,H 
CsA >C< oH (00,H)-0 ns CoB > CoH (0H)-CO,H 
C,H,,>CH-CH(0H):CO,H 
| 


+ CH(OH),"CO,H 
Y 
C,H,,>C:CH-CO,H + H,0 


although no experimental evidence could be found to support this 
view. 

It is certain, however, that the production of the unsaturated 
acids is in no way connected with the instability of the cyclo- 
propane ring in the spiro-hydroxy-acid, melting at 217°. This 
acid is quite stable towards boiling alkali, and cannot, therefore, 
be regarded as an intermediate product in the formation of the 
unsaturated acids. In consequence, it must be assumed that their 
formation is determined by some such scheme as that outlined 
above. 

It will be noticed from the tables that the cis- and trans-forms 
of the bromo-lactone yield different hydroxy-lactones under the 
same experimental conditions. For this reason, we have assigned 
the same configuration to the hydroxy-lactone as that possessed 
by the bromo-lactone from which it is derived. In this way, the 
hydroxy-lactone, melting at 145°, which is derived from the trans- 
bromo-lactone, melting at 96°, is given the trans-configuration, 
whilst the prefix cis- is given to the hydroxy-lactone, which is 
derived from the cis-bromo-lactone under the same experimental 
conditions : 
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CO, Et-CH-O CO,H-CH:-O 
| 
C,H) >C — C,H,,>C 
Br-CH:CO OH:-CH:CO 
trans- (m. p. 96°). trans- (m. p. 145°). 
CO, Et-CH—O CO,H-CH—O 
wy 
C,H, >C —_> C;H,,>C 
/ | / | 
< a 
CO—CH-:Br CO— CH-OH 
cis- (m. p. 69—70°). cis- (m. p. 168°). 


It is remarkable that the trans-hydroxy-lactone should be com- 
pletely converted into the cis-modification when it is heated with 
water at 240°. This is, of course, unusual, since the trans-modifi- 
cations are generally the more stable. 

It will be noticed, however, that the process of ring-formation 
from the trans-dibromo-ester (p. 1085) produces actually a com- 
pound having the cis-configuration in so far as the positions of 
the bromine and carbethoxy-groups are concerned. From this 
point of view, the names cis- and trans-, as applied to the hydroxy- 
lactones, should be reversed, and hence the compound melting at 
168° would be expected to have the greater stability. 

At one time it was thought that these configurations ought to 
be reversed, owing to the fact that the hydroxy-lactone, melting at 
148°, exists in a well-defined, hydrated form, which melts at 100°, 
with immediate loss of water. 

If this compound were the free dihydroxy-acid, it follows that 
it must have the cis-configuration, since the corresponding 
dihydroxy-acid from the hydroxy-lactone, melting at 168°, cannot 
be isolated : 


00,H-CH—O 
C;H,)>C CO,H°*CH:-OH 
f ee C5H,.>C 
o6—0H-0n CO,H-CH-0H 


A complete study of the properties of this hydrated form led 
us, however, to the conclusion that it was not the dihydroxy-acid, 
but the hydroxy-lactone, crystallising with one molecule of water. 

The correctness of the view expressed above as to the configura- 
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tion of the hydroxy-lactones is strongly supported by their 
behaviour towards acetyl chloride. The hydroxy-lactone, melting 
at 145°, is quite unaltered by this reagent, even at a high tempera- 
ture, whereas the hydroxy-lactone, melting at 168°, is rapidly con- 
verted into the acetyl derivative at 100°. As this behaviour con- | 
forms with that of the hydroxy-spiro-acid, melting at 217°, it is 
advisable to deal with the two types at the same time. 

The hydroxy-spiro-acid is formed in small quantities from the 
trans-bromo-lactone, melting at 96°, but in very much larger yield 
from the cis-bromo-lactone, melting at 69—70°, under the same 
experimental conditions. The spiro-acid gives neither a lactone 
nor an acetyl derivative when heated with acetyl chloride. More- 
over, it cannot be converted into an anhydride when treated with 
dehydrating agents. The acid could be isolated in only one form, 
and that this form has the trans-configuration, as is suggested by 
its inability to form an anhydride, can also be readily shown by 
the following scheme: 


Br Br 
| | 
, ft 
Pil H alkaline Pd H free 
>C H pomersae 9 \E saint 
I I 
! 
CO,Et CO,H 
cis 
H H 
| | 
C—Br C CO,H 
60,H é a 
wi y - HBr > ‘4 CO,H | 
CO,H — ing 
iy 1 2 C 
C—H | 
i 
OH OH 


Acid (m. p. 217°). 


It follows, therefore, that the hydroxy-lactone, which does not 
yield an acetyl derivative, has the same configuration as the spiro- 
hydroxy-acid, melting at 217°, and that steric inhibition towards 
acetylation is caused by the presence in both of them of the 
hydroxyl and carboxyl groups on the same side of the plane of the 
ring, thus: 
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OH 


| CO 
‘ 
a / s 
—0H,/ \ Ost 
VU 
H 
cis.-Hydroxy-lactone, m. p. 168°. trans.-Hydroxy-lactone, m. p. 145°. 

(Can be acetylated. ) (Cannot be acetylated. ) 


trans.-Hydroxy-spiro-acid. 
(Cannot be acetylated.) 

Here, again, it is evident that the use of the terms cis- and 
trans- leads to some confusion. As already mentioned, we have 
used the terms to indicate the configuration of the open-chain 
forms from which the ring-structures are derived. 


It has been already stated that during the dibromination of 
cyclohexane-l : 1-diacetic acid considerable quantities of an acid 
ester of the mono-brominated product is formed. This substance 
cannot be purified by distillation, and analysis gave no clue as to 
its structure, beyond the fact that it contained approximately 
one atom of bromine. That it is mainly composed of the bromo- 
acid ester is shown by the fact that, when boiled with sodium 
carbonate, it gives an excellent yield of the corresponding lactone: 

CH,°CH, CHBr-CO,H 
CHy<SoH’-CH> CNH, CO, Kt 
“(Acid bromo-ester.) 


—- 


CH,°CH, CH(CO,H)-O 

_ <cu, cH cn 
(M. p. 91—92°.). 
When the bromo-acid ester is treated with very concentrated 
potassium hydroxide solution, the trans-modification of the spiro- 
acid, mixed with a small amount of the cis-isomeride, is formed. 
The structure of the acid ester from which these acids are derived 
is of too indefinite a character to warrant any conclusions being 
drawn as to their ease of formation as compared with that of the 
corresponding caronic acids, which are produced from the similar 
acid bromo-ester which accompanies ethyl a-bromo-88-dimethyl- 
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glutarate when ff-dimethylglutaric anhydride is brominated. 
The two stereoisomeric acids are similar to the caronic acids, but 
seem to possess greater stability. They are convertible the one 
into the other by the usual means: 


\ ‘ CH:CO,H 
CH,-CH, CH-CO,H on CH CH / 2 
CHs<on, cH, °\CH-00,H *<on,-cH,- % | 

1A 1 CO,H-C-H 

YI Y 
cis- (m. p. 198°). transe (m. p. 237°). 

CH,-CH, CH-CO 
CHe<on CH, oH co? 


Anhydride (m. p. 102°). 


The Stability of spiro-cycloPropane Acids. 


It is to be expected that if the hypothesis represented by 
Fig. (a), p. 1081, is correct, then the stability of ring-structures 
derived from cyclohexane will be greater than that of the corre- 
sponding ring-compounds obtained from open-chain derivatives. 
A comparison of the spiro-acid mentioned above with trans-caronic 
acid shows that this is actually the case: 


CH,°CH, oe CH, CH-CO,H 
CHy<on'-cH.-C<oy..00,8 oni? <Gu-00,8 
trans-spiro-Acid (m. p. 237°). trans-Caronic acid (m. p. 212°). 


Both these acids are remarkably stable towards boiling acid 
permanganate. In fact, the spiro-acid can be boiled for some 
considerable time without undergoing change. The chief differ- 
ence between them is seen, however, when the two acids are heated 
with concentrated hydrochloric acid in a sealed tube at 240°. 
Under these conditions, the spiro-acid is quite unaltered, whereas 
trans-caronic acid is completely converted into terebic acid: 


CH, H:-CO,H O O 
cH? enn “> OMe,*CH(CO,H)-CH, 
Terebic acid. 
There is, therefore, very definite evidence that the spiro-acid has 
the greater stability. 

So far as the hydroxy-spiro-acid melting at 217° is concerned, 
we have been unable to prepare any open-chain analogue with 
which to compare it. The acid is very stable to acid permanganate 
and to reducing agents, but, owing presumably to the presence of 
the quaternary carbon atom which carries the hydroxyl group, it 
readily undergoes fission when heated with water at 240°. 

The fission of the cyclopropane ring in an acid of this character 
can, of course, take place between any one of the three carbon 
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atoms forming the ring, as in I, and it is evident that the 
elements of water can add on in two directions, yielding six pro- 


ducts in all: 
CH, y's (08): CO,H 


"og, ‘OH, * acs -00,H 
CH,-CH, \~ ,9(0H)-00,H 


*\CH, CH,” aos -CO,H 
(I. ) 
From the fact, however, that the unhydroxylated spiro-acid, melt- 
ing at 237°, does not undergo fission when heated with water, it 
is reasonable to assume that the fission of the ring takes place 
between the carbon atoms, as represented in II. 
This will lead to the production of four compounds, thus: 


,A(OH):CO,H 
of. 


CH, 


may give 
’ \CH-C0,H 
[>C(0H)-CH(OH)-CO,# >o—0—0 gy 
yielding | | (I. 
I 
; \\CH-C0,H CH(CO,H)-CH-OH) 
C{OH),-00,H CO-CO,H 
aa roa >OH| (II.) 
yielding 
| \CH-00,H \GH-00,H 
— )-CO,H 
> may give 
\GH- -00,H 
H(OH)-CO,H |... CH(OH)—¢0 
>C< HoH}. con Yielding >C<onio,ny.d (HY) 
OH,):CO,H “ CO-—-CO.H 
O<oH ld c 2 IV. 
|> <oH, ——CO,H yielding > <CH,-00;H (IV.) 


Of these, nema II and IV are ketones, and could be readily 
detected. Substance III is the hydroxy-lactone, the cis- and 
trans-forms of which have already been described. Substance I is 
therefore the only product that could not be immediately 
identified. 

As a matter of fact, the fission of the hydroxy-spiro-acid takes 
place in two directions, yielding 20 per cent. of an hydroxy- 
lactone, melting at 168°, which was proved by direct comparison 
to be identical with the hydroxy-lactone of formula III, and 80 
per cent. of another hydroxy-lactone, melting at 131°, which must, 
therefore, have the structure represented by formula I. 
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EXPERIMENTAL. 
Bromination of cycloHezane-1: 1-diacetic Acid. 


The bromination was effected by bromine and phosphorus 
pentabromide in the following way. Fifty grams of the acid, con- 
tained in a Perkin flask, were mixed with 224 grams of phos- 
phorus pentabromide, and warmed on the water-bath until the 
evolution of hydrogen bromide had ceased; 86 grams of bromine 
were then added from a dropping funnel, and the product was 
warmed until free from bromine, a process which requires five 
hours. After cooling, the whole was poured into absolute alcohol, 
and when the vigorous reaction had subsided, water was added, 
and the brominated product extracted by ether. Aqueous sodium 
carbonate extracted some acid material from the ethereal solution, 
and the residue, on evaporation, yielded the neutral ester, which 
constituted 90 per cent. of the total amount. 


(1) The Neutral Products of Bromination. 


Ethyl aa'-Dibromocyclohexane-| : 1-diacetate, 


CHBr-CO,Et 
CsA >C\ OH Br-CO,Et’ 


The neutral product described above is a mixture of three sub- 
stances, namely, the cis- and trans-forms of the dibrominated ester 
and the bromo-lactone formed by the elimination of ethyl bromide 
from the trans-modification under the experimental conditions 
employed. Separation can be effected by adding an equal volume 
of light petroleum (b. p. 60—70°) to the mixture, when the solid 
bromo-lactone slowly separates, but the separation is never com- 
plete, and since the dibromo-ester cannot be distilled without de- 
composition, it was not found possible to obtain this substance in 
a pure condition. A specimen which had been freed from the 
bromo-lactone as far as possible gave a bromine content of 34:1 
per cent. (C,,H..0,Br, requires Br=38°6 per cent.) 


The Lactones of Ethyl a-Bromo-a!-hydroxycyclohexane-l : 1- 
CH,°CH CH(CO, Et) 0 
diacetate, CH <cu? CHC HB O0>0 


The trans-Lactone. This lactone has been prepared in three 
ways: (a) by means of light petroleum in the manner described 
above; (6) by boiling the mixture of cis- and trans-ethyl 
aa’-dibromocyclohexane-l : l-diacetate with pyridine, when only 
the trans-modification is converted into the lactone, leaving the 
cis-form unaltered; (c) by the distillation of the mixed cis- and 
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transforms of the dibromo-ester, whereby both modifications are 
converted into the lactone. 

Process (a) is mechanical, and yields the cis-lactone in a very 
pure form. 

Process (b).—The mixed cis- and trans-esters are boiled with 
1°5 times their weight of pyridine for five hours, and the cooled 
product poured into dilute hydrochloric acid. The oil is extracted 
by ether, and treated with light petroleum in the manner already 
described. The quantity of lactone formed in this way is about 
15 per cent., and the remaining 85 per cent. of unchanged dibromo- 
ester can be recovered. Further treatment with pyridine fails to 
produce more of the lactone, and it is therefore evident that 
pyridine can only bring about the elimination of ethyl bromide 
from the trans-modification. 

Process (c).—Distillation of the dibromo-ester under diminished 
pressure constitutes by far the best method for preparing the 
bromo-lactone in quantity. As the temperature rises, much ethyl 
bromide is eliminated, but this ceases after a time, and it is this 
phase that involves the transformation of the trans-form of the 
ester into the bromo-lactone. At a higher temperature, that is, 
in the neighbourhood of 200°/20 mm., the evolution of ethyl 
bromide again commences, indicating the phase during which the 
cis-modification is converted into the trans-, and thence into the 
lactone. After this reaction has ceased, the bromo-lactone distils 
at 225—230°/20 mm., and solidifies on cooling. 

By all of these methods, the bromo-lactone was obtained as a 
white, crystalline solid, which crystallised from light petroleum 
(b. p. 100—110°) or from alcohol in prisms, melting at 96°. It 
possesses a remarkable tendency to crystallise: 

0°1756 gave 0°3062 CO, and 0°0893 H,O. C=47'50; H=5°6l. 

0°2038 ,, 01262 AgBr. Br=26°32. 

C,.H,;0,Br requires C=47'2; H=5°6; Br=26°2 per cent. 

The cis-Lactone.—This substance is formed to the extent of 
about 10 per cent. by the distillation of the mixed cis- and trans- 
esters, and also to the extent of about 25 per cent. when the ester 
from which the trans-form has been removed by pyridine, is dis- 
tilled. It can be readily separated from the trans-modification 
of the lactone by fractional recrystallisation from a mixture of 
benzene and light petroleum (b. p. 60—70°). It forms small 
needles, which melt at 69—70°: 

0°1680 gave 0°2907 CO, and 0°0836 H,O. C=47:23; H=5'52. 

0°2033. ,, 01254 AgBr. Br=26-23. 

C,.H,,0,Br requires C=47'2; H=5°6; Br=26°2 per cent. 
(2) The Acid Product of Bromination—The acid produet, 


. 
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which is extracted by aqueous sodium carbonate, is obtained as a 
heavy oil when the alkaline solution is acidified, and can be ex- 
tracted by ether. It cannot be purified by distillation, and could 
not, therefore, be obtained in a pure condition. Its reactions 
show, however, that it was composed, for the most part, of the 


acid bromo-ester, 


CHBr-CO,H 
C5Hy>C<oH,-CO, Et 


Lactone of a-Hydroxycyclohexane-1: 1-diacetic Acid, 
; CH,°CH CH(CO,H):0 , 
CHs<cH cn,” °<ou, bo 

This lactone is the sole product of the action of boiling sodium 
carbonate solution on the above acid product of bromination. 
One and a-half molecular proportions of sodium carbonate were 
used, and the whole was boiled for six hours. The solution was 
then acidified, and extracted with ether. The ethereal residue 
distilled at 240—241°/18 mm., and the distillate set to a very 
viscous gum on cooling. The compound could not be induced to 
crystallise for many months, until a crystal was obtained by the 
slow evaporation of its alcoholic solution, when the whole bulk 
solidified on seeding. It crystallises from a mixture of benzene 
and light petroleum in small needles, melting at 91—-92°: 

0°1900 gave 0°4203 CO, and 071234 H,O. C=60°33; H=7°22. 

CyoH,,0, requires C=60°6; H=7'1 per cent. 

The silver salt is precipitated on the addition of silver nitrate 
solution to a boiled solution of the ammonium salt. It is a white, 
amorphous powder: 

0°3861 gave 0°1377 Ag. Ag=35°62. 

C,oH,,;0,Ag requires Ag=35°4 per cent. 

a-Hydroxycyclohexane-1: 1-diacetic Acid—This acid is stable 
only in the form of its salts; it could not be isolated in the free 
condition. The lactone dissolves in one molecular proportion of 
N/10-sodium hydroxide, forming a neutral solution. When a 
second molecular proportion of the alkali is added, the solution 
becomes alkaline, but is rendered neutral by boiling, and retains 
its neutrality on cooling. The cautious addition of hydrochloric 
acid to this solution yields the lactone only, but the addition of 
silver nitrate solution gave a white, amorphous precipitate of the 
silver salt of the dibasic acid: 

0°2997 gave 0°3070 CO, and 0°0886 H,O. C=27:93; H=3°31. 

02835 ,, 0°1435 Ag. Ag=50°60. 

C,yH,,0O;Ag, requires C=27'9; H=3°3; Ag=50°3 per cent. 
4c2 
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When the lactone is treated with 4N-sodium hydroxide solution, 
a crystalline sodium salt separates. It can be purified by rubbing 
with 80 per cent. alcohol: 

0°1342 gave 0°0733 Na,SO,. Na=17°7. 

C,»H,,0;Na, requires Na=17°7 per cent. 

Aniline Derivatives.—A characteristic aniline salt of the lactone 
is formed by the interaction of the two constituents in benzene 
solution. It crystallises from benzene in long, silky needles, melt- 
ing at 104°: 

0°1503 gave 0°3631 CO, and 0°:0944 H,O. C=65°89; H=7°01. 

C,,H,,0,N requires C=66°0; H=7'2 per cent. 
The dianilide of the hydroxy-acid, 
CO-NHPh 
© Hy>C<oniony -CO-NHPh ? 

is formed when the lactone is heated with an excess of aniline for 
a few minutes at 200°. It can be isolated by treating the pro- 
duct first with acid and then with alkali, and can be purified by 
recrystallisation from alcohol. It forms small clusters of needles, 
which melt at 97°: 

0°1202 gave 0°3179 CO, and 0°0756 H,O. C=72°09; H=7°03. 

Cy.H,0;N,. requires C=72°1; H=7'l per cent. 


trans-cycloH exane-spiro-cyclopropame-1: 2-dicarboxylic Acid, 
CH,-CH, CH:CO,H 
CBs <ou)-cH.> OS 08-c0, 8 


This acid is best produced from the acid product of bromina- 
tion by the action of very concentrated potassium hydroxide at a 
high temperature. 

Sixty grams of potassium hydroxide are dissolved in 50 c.c. of 
water, and the solution is evaporated until the boiling point 
reaches 150°. Twenty grams of the acid bromo-ester are now 
added to the boiling solution as rapidly as possible consistent with 
safety, and the very vigorous reaction is allowed to subside. The 
solution is then cooled, diluted, and acidified, the acid which 
separates being collected. The acid crystallises from dilute alcohol 
in flattened needles, melting at 237°: 


0°1555 gave 0°3456 CO, and 0°0993 H,O. C=60°59; H=7°08. 
C,»H,,0, requires C=60°6; H=7'1 per cent. 
The silver salt, prepared in the usual way, is a white, crystal- 
line powder: 


0°1567 gave 0°0814 Ag. Ag=51°93. 
CioH,,0,Ag, requires Ag=52°4 per cent. 


a 


ie ad 


~- 
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The yield of acid prepared in this way was 5 grams; the mother 
liquor contained 8 grams of the lactone, melting at 91—92°, and 
0°7 gram of the cis-modification of the spiro-acid. The separation 
of these substances is described in the next paragraph. 

—_* . VT a GH'CO-NHPh : 

The dianilide of the trans-acid, CSAC hn. CONHPh’ 
formed when the acid, mixed with excess of aniline, is heated 
at 200°. It crystallises from alcohol in small needles, melting at 
292°: 

00992 gave 0°2751 CO, and 0°0616 H,O. C=75°62; H=6°89. 

C.>H.,0,N, requires C=75°9; H=6°9 per cent. 


cis-cycloH exane-spiro-cyclopropane-1 : 2-dicarbozylic Acid, 
CH,:CH CH-CO,H 
CH CH.- CH. OSCH-C0,H ’ 


The filtrate from the trans-acid was extracted with ether, and 
the crude product obtained in this way fractionated under 
diminished pressure. Under 18 mm. pressure, a small fraction 
was obtained, boiling at 220—240°, whilst the lactone distilled at 
240—241°; the former was redistilled, and the fraction boiling at 
220-—225° collected. This was treated with a little water, and 
the solid material thus obtained was freed from a small quantity 
of the gummy lactone by means of chloroform. 

The cis-acid can, however, be more readily prepared by dis- 
tilling the trans-modification, when it is completely converted into 
the anhydride of the cis-modification. The trans-acid is boiled 
in an open tube until water ceases to be evolved, an operation 
which, owing to the great stability of these substances, can be con- 
ducted under the ordinary pressure. The product, after treatment 
with cold aqueous sodium hydrogen carbonate solution to remove 
unchanged acid, yields the crude anhydride of the cis-modification, 
from which the acid can be prepared by solution in alkali and 
acidification. The acid is much more readily soluble in water 
than the trans-modification, and can be recrystallised from this. 
solvent, forming small needles, which melt at 198°, with immediate 
elimination of water vapour: 

0°1759 gave 0°3922 CO, and 0°1123 H,O. C=60°81; H=7-09. 

C,,H,,0, requires C=60°6; H=7'l per cent. 

The anhydride of the cis-acid, Oy > pO. The ¢trans- 
acid is not acted on by acetyl chloride or acetic anhydride, 
but is converted into the anhydride of the cis-acid on distilla- 
tion, in the manner described above. The crude anhydride 
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formed in this way can be purified by recrystallisation from light 
petroleum (b. p. 80—100°), and is obtained in long, glistening 
needles, melting at 102°. The anhydride is also readily formed 
by the action of acetyl chloride on the cis-acid: 
0°1098 gave 0°2685 CO, and 0°0658 H,O. C=66°'70; H=6°68. 
C,)H,,0, requires C=66°7; H=6°7 per cent. 
The anilic acid, C,H a en separates at once 
> H-CO-NHPh’ © 
when a benzene solution of the anhydride is mixed with a solution 
of aniline in the same solvent. It crystallises from alcohol in 
small needles, which melt and decompose at 207°: 
0°897 gave 0°2323 CO, and 0°0551 H,O. C=70°59; H=6°81. 
C,,H,,0O,N requires C=70°3; H=7°'0 per cent. 


The anil, C Hy >C<n. SoD NPh, is obtained by heating the 


anilic acid above its melting point until water vapour ceases to 
be evolved. The product is then rubbed with dilute aqueous 
sodium carbonate, and recrystallised from alcohol. It forms small 
crystals, which melt at 119°: 

0°1108 gave 0°3052 CO, and 0°0668 H,O. C=75°08; H=6°72. 

C,,H,;,0,N requires C=75°3; H=6°7 per cent. 

The cis-acid, when heated in a sealed tube with 50 per cent. 
concentrated hydrochloric acid and water at 180° for five hours, 
is partly converted into the trans-modification. 


Lactone of Ethyl eae” soe ta 1-diacetate, 
ei 


OH,-CH, 
CH;<on?-cH> aoe Et)-O 


This substance was obtained as the result of an attempt to dis- 
place the bromine in the lactone of ethyl a-bromo-a’-hydroxycyclo- 
hexane-1: l-diacetate by hydroxyl through the agency of moist 
silver hydroxide. 

Ten grams of the bromo-lactone (m. p. 96°) were melted under 
400 c.c. of hot water, and sufficient hot alcohol was added to 
render the solution clear. The solution was then boiled with an 
excess of silver hydroxide (freshly precipitated and washed) for 
forty-eight hours on the water-bath. At the end of that time, the 
hot liquid was run through a filter into three volumes of water, 
and the precipitated ester extracted by ether. The residue from 
the ether distilled as a colourless oil at 210°/21 mm., the yield 
being about 70 per cent.: 

0°1380 gave 0°3230 CO, and 0°0997 H,O. C=63°78; H=8-01. 

C,.H,,0, requires C=63°7; H=8°0 per cent. 


_— ~~ 
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The hydrolysis of this ester yields the lactone, melting at 
91—92°. 


Hydrolysis of the Bromo-lactone Esters. 


The remarkable difference in the nature of the products formed 
by hydrolysing these lactones under different conditions has been 
commented on in the introduction. The experimental details are 
summarised below. 


cycloHeaylideneacetic Acid, CHG? or]? >C:CH-C0,H. 
2 2 


Five grams of the bromo-lactone (m. p. 96° or 69—70°) were 
boiled for five hours with 30 c.c. of 15 per cent. aqueous sodium 
hydroxide. On cooling and acidifying, a white solid separated, 
which, on recrystallisation from dilute alcohol, melted at 92°. 
The yield was 1 gram. 

The same acid was obtained by the hydrolysis with alcoholic 
potassium hydroxide, and in this case 10 grams of either of the 
bromo-lactones were added gradually to 100 c.c. of a boiling, satu- 
rated solution of alcoholic potassium hydroxide, and the heating 
was continued for ten minutes after the first vigorous reaction had 
subsided. The precipitate formed on acidifying, which weighed 
about 2 grams, consisted of about equal proportions of the hydroxy- 
spiro-acid, melting at 217° (see p. 1103), and the unsaturated 
acid. They were separated by treatment with dry ether, in which 
the spiro-acid is quite insoluble. The chief products of these 
reactions are summarised on p. 1086. 

The identity of the acid melting at 92° with the cyclo- 
hexylideneacetic acid of Wallach was shown in the following way. 
By analysis, which gave C=683; H=84 (C,H,.0, requires 
C=685; H=8°5 per cent.); by titration with standard alkali, 
which gave figures in good agreement with those required for 
Wallach’s acid; by the formation of cyclohexanone when the acid 
was oxidised by alkaline permanganate; and, lastly, by the forma- 
tion of a dibromide, which, on recrystallisation from a mixture 
of ether and light petroleum, melted at 135—136° (Wallach gives 
91—92° as the melting point of his acid and 133—134° as the 
melting point of its dibromide). 


AleycloHexeneacetic Acid, OH,< on? gt >C-CH,*CO,H. 
2 2 


As already mentioned, the acid melting at 92° can be quanti- 
tatively converted into the above acid (m. p. 38°) by the action ~ 
of boiling 64 per cent. aqueous potassium hydroxide. This acid 
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occurs, therefore, as one of the products formed by the action of 
this reagent on the bromo-lactones. 

Forty grams of either bromo-lactone were added in small quanti- 
ties, as rapidly as possible consistent with safety, to a boiling 
solution of 140 grams of potassium hydroxide in 80 grams of water. 
The extremely vigorous reaction which ensued after each addition 
soon subsided, and when all had been added, the solution was 
diluted and acidified. The viscid precipitate which separated was 
extracted by ether, and the considerable quantity of solid acid 
which separated from the ethereal solution on drying and con- 
centrating was collected. This substance proved to be the 
hydroxy-spiro-acid, dealt with on p. 1103. The viscid residue 
left on the complete evaporation of the ether yielded a further 
quantity of this acid when rubbed with dry ether. The ultimate 
ethereal residue was etherified by alcohol and sulphuric acid in 
the usual way, and the neutral esters were fractionally distilled 
under diminished pressure, when complete separation into two 
chief fractions was effected, one boiling at 118—122° and the 
other at 206—210°/25 mm. 

The fraction boiling at 118—122°/25 mm. was hydrolysed both 
by acid and by alkali. The product in each case was extracted 
by ether, and the solid residue distilled. It boiled at 151—152°/ 
23 mm., and set to a solid mass, melting at 37—38° on cooling. 

The identity of this acid with Wallach’s cyclohexeneacetic acid 
was proved by analysis, which gave C=68'4; H=85 (C,H,.O, 
requires C=68°5; H=8'5 per cent.), and by the action of bromine 
in glacial acetic acid, when a dibromide was obtained, which, after 
recrystallisation from ether and light petroleum, melted at 
120—121° (Wallach gives the melting point of the dibromide as 
119—120°). 

The Ethyl Hster—On redistillation, the pure substance was 
found to boil at 124—125°/38 mm. (Auwers and Ellinger, 
Annalen, 1912, 387, 200, give 100°/12 mm.), and to be a colour- 
less, mobile oil. (Found, C=71°01; H=9°17. C,,H,O, requires 
C=71'4; H=9°5 per cent.) 


trans-Lactonic Acid of aa!-Dihydroxycyclohezane-1 : 1-diacetic 
Acid, H,CH, CeOat)——-90 
OHHH >C<cH(co,H)-0 


This substance is formed by the hydrolysis of the trans-bromo- 
lactone, melting at 96°, either by 15 per cent. aqueous potassium 
hydroxide or by a solution of 64 per cent. strength, and is con- 
tained in the form of its ethyl ester in the higher fraction boil- 
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ing at 206—210°/25 mm., produced in the manner described in 
the last experiment. 
The ster obtained in the experiment with 15 per cent. 
potassium hydroxide yields on hydrolysis the hydroxy-lactonic 
acid in a fairly pure condition, but the ester formed in the same 
manner from the experiment with 64 per cent. potassium 
hydroxide contains some of the ester of the hydroxyspiro-acid 
(see p. 1103). The hydrolysis is effected by boiling the ester with 
concentrated hydrochloric acid for forty-five minutes. The resi- 
due, on cooling, deposits a mass of crystals, which consist, for the 
most part, of the lactonic acid in its hydrated form, mixed with a 
small quantity of the hydroxyspiro-acid, melting at 217°. The 
separation is effected by dehydrating the lactonic acid by drying 
in the air at 90° and treating the mixture several times with 
small quantities of hot benzene, in which the spiro-acid is in- 
soluble. The residue left on evaporating the benzene is then re- 
crystallised four times from water. 
The hydrated form of the lactonic acid produced in this way 
forms small prisms, which melt at 100°, with immediate elimina- 
tion of water vapour: 
0°2889, on being dried at 90°, lost 0°230. H,O=8°0. 
C,9H,,0;,H,O requires H,O=7°8 per cent. 

The dehydrated lactonice acid melts at 145°: 

0°1598 gave 0°3289 CO, and 0°0950 H,O. C=5612; H=6°61. 
C,)H,,0O; requires C=56'1; H=6°5 per cent. 

The disodium salt is formed as a crystalline precipitate when 
the lactonic acid is dissolved in about 3 molecular proportions of 
4/N-sodium hydroxide solution. It can be purified by washing 
with 80 per cent. alcohol: 

0°1856 gave 0°930 Na,SOQ,. Na=16°3. 

CyoH,,OgNa, requires Na=16°6 per cent. 

The disilver salt is a white powder, which is formed by the 
action of silver nitrate solution on an aqueous solution of the 
sodium salt: 
0°1959 gave 0°0953 Ag. Ag=48'60. 

CyoH,,OgAg, requires Ag=48'4 per cent. 
The aniline salt of the lactonic acid, 
pen 
CsA >C< oH (c0,H): ,NH,Ph, 


is formed by the interaction of molecular proportions of the two 
components in benzene solution. It separates from benzene in 
small crystals, which melt at 133—134°: 
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0°1335 gave 0°3042 CO, and 0°0846 H,O. C=62°21; H=7°02. 
C,g,H_,0;N requires C=62°5; H=6'8 per cent. 

The dianilide, (;H,)>C CHLOH)-00-NHP}r is obtained by 
heating the lactonic acid with a slight excess of aniline at 200°, 
and is isolated in the usual way. It crystallises from dilute 
alcohol in short needles, which melt at 169°: 

0°1410 gave 0°3550 CO, and 0°0886 H,O. C=68°71; H=6°91. 

CyoHg0,N, requires C=69°1; H=6°8 per cent. 

The lactonic acid does not react with acetyl chloride even when 
heated with the reagent in a sealed tube at 100°. When it is 
distilled under diminished pressure, or when it is heated in a 
sealed tube with water, it passes into the stereoisomeric form, melt- 
ing at 168°. It is not reduced by silver hydroxide. 


cis-Lactonic Acid of aa'-Dihydrorycyclohexane-1: 1-diacetic Acid, 
H,°CH, CH(OH)—CO 
— Bon >°<oaic0, 8-0 

This lactone may be obtained by the hydrolysis of the cis-bromo- 
lactone, melting at 69—70°. The isolation is effected by the same 
method as that used for preparing the lactone melting at 145° up 
to the point where the lactonic acid is dissolved away from the 
admixed hydroxy-spiro-acid and is etherified. The fraction of 
high boiling point obtained on distilling the esters is then hydro- 
lysed by dilute hydrochloric acid, and the product evaporated 
completely to dryness. The residue, when rubbed with dry ether, 
leaves most of the spiro-acid undissolved. The residue from the 
ethereal filtrate is then extracted with hot benzene, and the resi- 
due from the benzene rubbed with chloroform. The solid thus 
obtained is finally purified by dissolving in dry ether, filtering, 
and precipitating by the addition of light petroleum (b. p. 
40—60°). The lactonic acid can also be prepared by distilling 
the stereoisomeric lactonic acid (melting at 145°), but the process 
leads to much decomposition. The change from one form to the 
other is best effected in the following way. One gram of the 
lactonic acid is dissolved in 2 c.c. of water, and heated in a sealed 
tube at 240° for fifteen minutes. The residue left on evaporating 
to dryness gave 0°95 gram of the lactonic acid melting at 168° on 
recrystallisation from ether and light petroleum. 

The cis-lactonic acid separates in short prisms, which melt at 
168°. It is readily soluble in water and in all organic solvents, 
excepting chloroform and light petroleum: 

0°1269 gave 0°2588 CO, and 0°0724 H,O. C=55°58; H=6'51. 

C\oH,,O; requires C=56'1; H=6'5 per cent, 
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The disilver salt is formed by the addition of silver nitrate 
solution to a solution of the lactone neutralised by the addition 
of two molecular proportions of sodium hydroxide solution: 

0°1964 gave 0°0946 Ag. Ag=48-21. 

C,)H,,O,Ag. requires Ag=48'4 per cent. 
— H(OH)-CO-NHPh . 

The dianilide, C,H, >C<CH(OH)-CO.NHPr is prepared by 
heating the lactonic acid with a slight excess of aniline at 200°. 
It crystallises from dilute alcohol in small needles, which melt at 
169°. This is the same melting point as that of the dianilide 
from the trans-lactonic acid, but a mixture of equal proportions 
of the two melted at about 145°: . 

00987 gave 0°2496 CO, and 0°0623 H,O. C=6891; H=7°02. 

CopHy,0,N, requires C=69°1; H=6°8 per cent. 
— CH(OAc)—CO 

I 
The one derivative, CH yy >C< oy (CO,H)-O ° 
formed when the lactonic acid is boiled with acetyl chloride for 
ten minutes. The residue left on evaporation crystallises from a 
mixture of benzene and light petroleum, and melts at 156°: 
0°0962 gave 0°1971 CO, and 0°0534 H,O. C=55°89; H=6'19. 

C,.H,,0, requires C=56°2; H=6°2 per cent. 

The silver salt, prepared in the usual way, is a white, crystal- 
line powder : 

0°2424 gave 0°0727 Ag. Ag=29°99. 

C,.H,,0,Ag requires Ag=29°8 per cent. 


is readily 


cycloH exane-spiro-cyclopropanol-2 : 3-dicarbozylic Acid, 


CH,°CH —— 
CH-CH <CH-cO,H 


The best yields of this acid were obtained by hydrolysing the 
bromo-lactones with boiling 64 per cent. potassium hydroxide solu- 
tion, the isolation being effected in the manner already described. 
From 40 grams of the bromo-lactone melting at 96°, only 7°5 
grams of the acid (or 27 per cent.) were obtained. On the other 
hand, the bromo-lactone melting at 60—70° gave a yield of 40 per 
cent. of the spiro-acid under the same experimental conditions. 
In spite of the poor yield, the acid was always obtained from the 
bromo-lactone of higher melting point, on account of the fact that 
this is by far the easiest modification to prepare. The acid 
— from water in colourless, pearly plates, which melt at 

17°: 


CH, 
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0°1928 gave 0°3940 CO, and 0°1104 H,O. C=55°72; H=6°51. 
C,,H,,0,; requires C=56'1; H=6°5 per cent. 
071525 required 14°25 c.c. V/10-NaOH. 
C,)H,,0; (dibasic) requires 14°25 c.c. 
The silver salt, prepared in the usual manner, is a white, 
crystalline powder: 
0°2071 gave 0°2102 CO, and 0°0503 H,O. C=27°69; H=2°71. 
071888 ,, 0°0946 Ag. Ag=50°1l. 
C,,H,.0;Ag. requires C=28°0; H=2°8; Ag=50°4 per cent. 


HPh . : 
The anilide, C Hy>ct<t. Zain tei , is produced by heating 


the acid with a slight excess of aniline at 200° for a few minutes. 
It separates from alcohol in colourless needles, melting at 202°: 


0°0833 gave 0°2217 CO, and 0°0509 H,O. C=72'58; H=6°81. 
Cy.H,O,N, requires C=72°5; H=6°6 per cent. 

The acid does not react with either acetic anhydride or with 
acetyl chloride, and can be recovered unchanged after having been 
boiled with four molecular proportions of phosphorus penta- 
chloride for two hours, and the acid chloride converted into the 
free acid by means of formic acid. The hydroxy-acid does not 
show the slightest tendency to be converted into a lactone when 
heated. 


cycloH exane-spiro-cyclopentanone, CH om ppt do 0° 


This substance can be prepared in small quantities by the action 
of concentrated sulphuric acid on the hydroxyspiro-acid. The 
acid, dissolved in five times its weight of sulphuric acid, was heated 
at 95—100° until the evolution of carbon monoxide had ceased. 
The product was then poured into six volumes of water, and dis- 
tilled in a current of steam. The distillate contained a solid sub- 
stance, melting at 105°, which is not a ketone, and has not yet 
been investigated. The ketone itself was obtained as an oil when 
the filtrate from the solid was saturated with salt, but the yield 
was only about 2 per cent., and the quantity was too small to 
distil. It was therefore converted into the semicarbazone, which 
crystallises from alcohol in long, colourless needles, melting and 
decomposing at 175°: 

0°1238 gave 0°2720 CO, and 0°0924 H,O. C=59°89; H=8°31. 

0°0882 ,, 184 cc. N, at 16° and 728 mm. N=23°2. 

C,H,,;ON; requires C=59°'7; H=8:°3; N=23-2 per cent. 


AND STABILITY OF SPIRO-COMPOUNDS. PART I. 1105 


The Lactonic Acid of a-Hydroxy- anc wy -olsuccinic Acid, 


CH,°CH 10) 
CA<oH Po H)°CH-OH’ 


Five grams of the hydroxyspiro-acid, melting at 217°, were 
heated with 5 grams of water in a sealed tube at 240° for half 
an hour. The aqueous solution of the very readily soluble fission 
product was then made alkaline with 4/N-sodium hydroxide solu- 
tion, and a further 5 c.c. of the same alkali were added. The 
solution was evaporated on the water-bath until a crust of sodium 
salt formed, when the solution was allowed to cool and crystallise. 
The pasty mass was then spread on porous porcelain, and the 
crystals, after being treated with the minimum quantity of con- 
centrated hydrochloric acid, were extracted by ether. After re 
crystallisation from chloroform, the lactonic acid was obtained in 
hard, cubical prisms, which melted at 131°. It is very readily 
soluble in water and in all organic solvents excepting light 
petroleum and chloroform : 

0°0928 gave 0°1902 CO, and 0°0530 H,O. C=55°87; H=6°41. 

C,»H,,O; requires C=56°1; H=6°5 per cent. 

The disodium salt separates when the lactonic acid is dissolved 
in three molecular proportions of 4/N-sodium hydroxide solution, 
and can be purified by washing with alcohol: 


0°1502 gave 0°0782 Na,SO,. Na=16°89. 
C,»H,,0O,Na, requires Na=16°7 per cent. 
The disilver salt is a crystalline powder formed by the action 
of silver nitrate solution on an aqueous solution of the sodium 
salt : 


0°1241 gave 0°0604 Ag. Ag=48'69. 

C,,H,,0O,Ag, requires Ag=48°4 per cent. 

The monobasic silver is apparently too soluble to be precipi- 
tated in the ordinary manner, but a characteristic monobasic 
aniline salt is formed by the interaction of the two components in 
benzene solution. It melts at 123°: 


0°1307 gave 0°2986 CO, and 0°0829 H,O. C=62°29; H=7°10. 
C,,H,,0;N requires C=62°5; H=6'8 per cent. 


The liquid absorbed by the porous porcelain in the foregoing 
experiment was found to contain a more readily soluble sodium 
salt, which was extracted by boiling with water. The aqueous 
solution was evaporated to dryness, treated with concentrated 
hydrochloric acid, and extracted by ether. The gummy, ethereal 
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residue gave a solid substance on being rubbed with chloroform, 
and this was proved, by direct comparison, to be identical with the 
lactonic acid of aa/-dihydroxycyclohexane-1: l-diacetic acid, melt- 
ing at 168°. 
Tue ImPeRtAL COLLEGE OF SCIENCE AND TECHNOLOGY, 
Sours Kensrnoton, 8.W. [Received June 9th, 1915.] 


CXX.—A Thermal Study of the Carbonisation 
Process. 


By Harotp Hotiines and Jonn WILLIAM Coss. 


Tus research was commenced because of the inconclusive nature 
of the evidence supporting the current conception of coal distilla- 
tion as an exothermic process, and because of the obvious import- 
ance of the question to the carbonising industries. The more 
technical aspect of the problem has been presented by the authors 
in their paper read before the Institution of Gas Engineers 
(J. Gas Lighting, 1914, 126, 917), and we now collate the 
results for scientific purposes. Our critical study of the work 
already done on the thermal balance of carbonisation, and our 
own early experiments, led us to the conclusion that both 
exothermic and endothermic reactions occurred, that the net 
quantity of heat involved was small, and that whether the net 
thermal result of the carbonisation process at the actual reaction 
temperatures (Euchéne, International Gas Congress, Paris, 1900; 
J. Gas Lighting, 76, 1080, 1141; and Barnum, Proc. New England 
Assoc. Gas Eng., 1906, 58; Amer. Gas Light J., 1906, 84, 575) 
was an evolution of heat or not was still an open question; when, 
however, the difference between the calorific values of coal 
and of its products of distillation (Mahler, Compt. rend., 
1891, 113, 862; Constam, Kolbe and Schlapfer, J. Gas Lighting, 
1908, 103, 382; 1909, 107, 696) was made the criterion of 
exothermicity in carbonisation, it appeared to be proved that the 
distillation was exothermic, that is, when each reaction was taken 
at its value at 15° (a convention in thermochemical tables). The 
value of determinations of the net thermal result of carbonisation 
is limited, in one sense, because the process cannot be represented 
as a single reaction. There are at different temperatures definitely 
exothermic and endothermic reactions which balance more or less, 
and although a net result gives no evidence of the existence of 
such reactions, they may be of considerable importance. Modern 
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industrial conditions are bringing into greater prominence the 
problems of the storage of coal, and any evolution or absorption 
of heat occurring in a mass of coal at a comparatively low tempera- 
ture should be considered as increasing or decreasing the liability 
to spontaneous heating. The same consideration is of importance 
in determining the behaviour of masses of coal underground when 
raised in temperature from any cause in any atmosphere. 

The experimental method we employed consisted in heating side 
by side, under the same conditions, a coal which underwent carbon- 
isation and a coke which could be regarded as chemically and 
thermally inert, and noting by means of the differential arrange- 
ment of thermo-couples, devised by Roberts-Austen (Proc. Mech. 
Eng., 1899, 38) for the examination of metallic alloys, the extent 
to which the temperature of the coal became higher or lower than 
that of the coke in various stages of the carbonisation. Complica- 
tions arising from the secondary decomposition of volatile distilla- 
tion products were minimised by using a small quantity of coal 
and sweeping away the products by a stream of nitrogen. Having 
by this means obtained “heating curves” of a bituminous coal 
which showed that the distillation consisted of several distinct 
stages, heat evolving, heat absorbing, or thermally neutral, we 
continued our experiments to the examination of coal extracts to 
ascertain how far it was possible by this means to trace character- 
istics of the heating curve of coal to the influence of constituent 
parts of the coal itself. The heating curves of different types of 
coal were also constructed, and those of cellulose, dehydrated 
cellulose, and lignite, in order to trace, by comparison of the curves 
obtained, the possibly existing influence of degradation products 
of cellulose still present in the coals. 


ExPERIMENTAL. 


The essential parts of the apparatus used are shown in Fig. 1. 
The coal and coke were heated in very thin fireclay boats, an 
enlarged view of which is given in Fig. 2; A is the boat contain- 
ing the coke, and B that containing the coal. Fig. 3 gives the 
end-view of the boat, and shows the three holes through which 
pass long, thin silica tubes, D giving necessary protection to the 
thermo-couples. C is a lid of nickel gauze to keep the coal in 
position during heating after it has been packed round the silica 
tubes in the boat. This lid is held down by pushing it under 
the curved sides of the boat, as shown in Fig. §. The coke 
standard is previously prepared by packing the coal in A, and 
heating it to 1100° in an atmosphere of nitrogen. 

The porcelain tube, Z, in which the boats are placed, is heated 
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by an electric furnace, F. At each end of the porcelain tube, 
E, is fitted a rubber cork and glass T-tube; the silica tubes, D, 
pass through the porcelain tube, and extend beyond the T-tubes 
at each end. Nitrogen from a cylinder is passed through (1) a 
heated glass tube, G, containing copper gauze, to remove oxygen ; 
(2) a spiral, H, containing an alkaline solution of pyrogallol, to 
remove the last traces of oxygen; (3) a spiral, J, containing con- 
centrated sulphuric acid; and (4) a U-tube, X, containing calcium 
chloride, to remove moisture. The nitrogen thus purified passes 


through the T-tube into the porcelain tube, Z, as shown in Fig. 1. 
The nitrogen and volatile products of distillation leave the porce- 
lain tube through the other T-tube, and then pass through 
sulphuric acid in the bottle Z. The silica tubes, D, are passed 
through the boats A and B, being held in position relative to the 
boats by means of a little fireclay, and the thermo-couples are 
threaded through the silica tubes. The two couples to be con- 
nected in opposition, so as to show the difference between the 


Fig. 3. 
Cc 


temperature of the coal and that of the coke, are arranged with 
their hot junctions at X and Y (Fig. 2) in the centre of the coke 
and coal respectively. Z is the hot junction of the thermo-couple 
which records the actual temperature of the coke standard. The 
coal is placed in the boat as described, and the boats and silica 
tubes are then placed inside the porcelain tube so that the boats 
lie in the centre of the furnace. The corks and T-tubes are fitted 
to the porcelain tube, and the joints between the T-tubes and 
the silica tubes, D, are made gas-tight by means of wax at MM. 
The two platinum leads of the thermo-couples, X and Y, are joined 
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together at WV, and the two platinum-rhodium leads, PP, are 
joined by copper leads direct to the differential galvanometer. 
The junctions with the copper leads are made under water in a 
bottle well protected with cotton wool, so as to maintain both 
junctions at the same temperature. The two leads from the 
thermo-couple Z were connected through a cold junction main- 
tained at 16° to the Carpenter-Stansfield potentiometer, by means 
of which the actual temperature of the coke was measured. The 
most suitable rate at which to raise the temperature of the coke 
was found to be 7° per minute. Further experimental details, 
precautions, and necessary preliminaries will be found in the paper 
to which reference has already been made. The method of plotting 
the differential heating curve is the same as that often employed 
in metallurgical work. Deflexions to the left indicate that the 
coal under examination is being raised in temperature more slowly 
than the coke standard, and vice versa. It was shown that the 
varying heat conductivity of the coal undergoing distillation did 
not materially affect the curves obtained, and it seemed to us to 
be established satisfactorily that deflexions to the left indicated 
a preponderance of endothermic reactions, and deflexions to the 
right exothermic reactions. We do not attach any importance to 
deflexions at temperatures lower than 200°. 

After obtaining the heating curve of coal against a coke 
standard, a correction, obtained by heating the coke formed in the 
experiment against the same coke standard, was always applied. 
The validity of this correction has been repeatedly tested by re- 
versing the position of coal and standard. The corrected curve 
(which alone is reproduced) represents the changes in the passage 
from coal to coke. 

From a succession of experiments, heating curves were obtained 
for cellulose, dehydrated cellulose, lignite, and different types of 
coal; the percentage composition of these materials are given in 
the following table: 


Ash-free substance. 
Volatile x ie 
matter.* Ash. C. H. 0. 8. N. 
Anthracite, Ystradgynlais 5-97 2-12 89-20 4-31 3-91 1-34 1-25 
Bituminous, New Hucknell 37-30 3-77 80-39 5-88 10-63 1-71 1-39 


Cannel, Brodsworth......... 45-27 4-80 80-79 546 10-60 1-21 1-94 
Lignite, Bovey Tracey .... 65-00 5-20 63-00 6-26 28-58 1-66 0-50 
Dehydrated cellulose ...... 65-20 1-13 5811 411 36-68 110 — 
Cotton wool (theoretical 

COMPOSItiON) ...........0008 —- — 444 62 49-4 -- —- 


* Determined in platinum crucible by the 1899 method of the American 
Chemical Society. 


The examination of cellulose was of interest in view of the 
origin of coal. That its distillation is exothermic has been widely 
VOL. CVIL 4D 
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noted (Bantlin, J. fiir Gasbeleuchtung, 1914, 57, 32, 55; Buttner 
and Wislicenus, J. pr. Chem., 1909, [ii], 79, 177; Klason, 
Heidenstam and Norlin, Arkiv Kem. Min. Geol., 1908, 3, No. 10), 
although Chorley and Ramsay (J. Soc. Chem. Ind., 1892, 11, 872) 
claimed that, with “ medicated cotton wool,” they obtained no 
evidence of exothermic change, and therefore they attributed the 
thermal effect to some impurity which could be removed from the 
wool. This we do not confirm, since the purest wool we could 
obtain, distilled in a similar manner to the coals, showed a very 
marked evolution of heat at 345°; we obtained the same result 
for high-grade, ashless filter paper. 

The dehydrated cellulose was prepared by the action of con- 
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centrated sulphuric acid on cotton wool at 70° (Cross and Bevan, 
Brit. Assoc. Report, 1881, 603; Phil. Mag., 1882, [v], 18, 327). 
The black substance formed thereby was washed repeatedly to 
remove excess of sulphuric acid; this very slow process was 
quickened in the later stages by the use of ammonium carbonate 
solution. It will be seen from the analysis that the amount of 
sulphur was thereby reduced to 1 per cent. Moisture and adsorbed 
ammonium carbonate were removed by drying at 110°. The 
empirical formula of the dehydrated cellulose is Cy.99H5.9909-g4- 
The heating curves of cellulose, dehydrated cellulose, and lignite 
are plotted for comparison (Fig. 4). In the case of pure cellulose, 
the evolution of heat is very sudden, and appears to be due to 
chemical action at a definite temperature, namely, 345°. In the 
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case of dehydrated cellulose and lignite, the evolution of heat is 
spread over a wider range of temperature (280° to 420°), and is 
probably due to a series of decompositions. We may point out 
here that in no case have we found a sudden decomposition of coal 
similar to the exothermic decomposition of cellulose, which is pre- 
sumably connected with the expulsion of the hydroxyl groups, and 
consequent molecular condensation, in the residue. The com- 
mencement of the exothermic stage in the curve for dehydrated 
cellulose is already uncertain, although in the curve for another 
sample the commencement of exothermic distillation was better 
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defined at 280°. The exothermic decomposition of lignite begins 
at the same temperature, but is very much less marked than that 
of cellulose. In the case of coals (Fig. 5), in which, presumably, 
the degradation of cellulose has proceeded further still, there is 
practically no evidence of exothermic reactions below 400°. The 
comparison of curves for different types of coal, including 
anthracite, indicates that, in general, the thermal changes at low 
temperatures are characteristic of the coals in which degradation 
of cellulose is least complete. The most marked feature of the 
curves obtained for anthracite is the exothermic stage between 
4D2 
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650° and 840°. The curves show that in the more oxygenated 
coals this phase, although always very marked, falls away in 
relative importance, and occurs between somewhat lower limits of 
temperature. 

One other feature in the curves which should be noted is the 
sharp absorption of heat in the case of the cannel coal between 
510° and 550°; with the lignite this is more pronounced, and 
occurs between wider limits of temperature. The deflexion is not 
so marked in the curves obtained for bituminous coal, but there 
is always a break in the evolution of heat in the neighbourhood of 
500°. It may be connected with the distillation of oils. In the 
case of another bituminous coal (Monckton Main), the various 
stages in the curve have been examined in some detail (J. Gas 
Lighting, 1914, 126, 922), and experiments carried out to 
confirm the interpretations placed upon the galvanometer 
deflexions. It will be seen from a comparison of the whole of the 
curves obtained that thermal phenomena in the distillation of 
cellulose and of coals in which the degradation of cellulose is in- 
complete and the oxygen content high are of most importance at 
low temperatures. This is consistent with the view that the 
thermal phenomena at low temperatures are due to the decomposi- 
tion of a series of oxygenated compounds, at the beginning of 
which stands cellulose itself. Experiments were carried out with 
ceresine wax of the composition C,,H,,; experimental difficulties, 
due to the low melting point of the substance, made the results 
indecisive, but, so far as they went, they showed an absence of 
marked thermal phenomena at low temperatures, as would be 
anticipated if the above hypothesis is correct. At higher tempera- 
tures, thermal phenomena are most marked with coals of a low 
oxygen content, and presumably these phenomena are due to such 
decompositions of the coal substance as result in the evolution of 
hydrogen and the gasification of carbon in combination with 
hydrogen as methane. When, as in the case of highly oxygenated 
coals, extensive decomposition takes place at low temperatures, 
much carbon is given off in gaseous compounds; the residue consists 
largely of fixed carbon, and only to a smaller extent of coal sub- 
stances decomposable at higher temperatures. On the other hand, 
when the degradation of the cellulose, during the formation of the 
coal, has been more complete, it has produced a coal substance of 
low oxygen content, which is more stable at the low temperatures, 
hence in the case of such a coal the thermal phenomena are of 
greater relative importance when decomposition sets in at the 
higher temperatures. 

We are greatly indebted to Dr. R. V. Wheeler for sending for 
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examination samples of pyridine and pyridine—chloroform extracts 
and residues prepared from a bituminous coal (Beeston Seam) (T., 
1913, 103, 1704), and for supplying the following analytical data: 


C. H. oO. 8. N. 
Original coal ............:.seeeeeeeee 83-05 5-51 8-08 2-12 1-24 
Pyridine extract ................++ 83-11 6-06 5-96 3-89 0-98 
Pyridine residue .............+.++. 80-80 5-69 10-17 2-43 0-91 
Chloroform extract ............... 75-54 7-66 14-18 1-86 0-76 
Chloroform residue ............... 80-25 5-28 11-45 2-09 0-93 


The heating curves of the original coal, the portion soluble in 
pyridine and the portion insoluble in pyridine, are plotted for 
comparison (Fig. 6). 

The curve obtained for the original coal is in general agree- 
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ment with those obtained for other similar coals. We had con- 
ceived it possible that the characteristics of this curve might be 
traced to the portions of coal separated by extraction, but such has 
not proved to be the case. No thermal phenomena were notice- 
able with the pyridine—chloroform extract, but the same difficulty 
was experienced as with the ceresine wax. The absence of thermal 
phenomena at low temperatures in the case of this product con- 
taining a high percentage of oxygen may be explained by the fact 
that the analyses show that there has been marked oxidation 
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during its isolation, and this oxygen may exist in a form different 
from the oxygen of the degradation products of cellulose. The 
only point in which there is any agreement between the curves for 
coal and those for the portions soluble and insoluble in pyridine 
is in the exothermic stage above 600°, and in all respects the 
curves for the portions soluble and insoluble in pyridine closely 
resemble one another. The observations support the view that a 
prolonged extraction of coal by pyridine effects partial decomposi- 
tion, and not simply preferential solution. 


Summary and Conclusions. 


If, in these experiments, the volatile products of carbonisation 
accompanying each endothermic or exothermic stage, as thermally 
indicated, had been collected and examined, a useful chemical and 
thermal correlation might have been effected; that we are hoping 
to do, at any rate, for one or two typical coals. There are some 
chemical data already available for the purpose. Vignon (Compt. 
rend., 1912, 155, 1514) carried out a fractional distillation of coal 
between certain intervals of temperature, taking about the same 
time for a distillation as we took in our experiments. Comparison 
of our results with those obtained by Vignon, Wheeler and his 
collaborators, and Pictet and Bouvier (Compt. rend., 1913, 157, 
779) would suggest the following correlation of chemical and 
thermal stages in carbonisation : 

(1) Below 400°.—Cellulose shows a strong exothermic reaction, 
commencing at 345°, but this is very much weakened in dehydrated 
cellulose and lignite, and absent in the coals. It is presumably 
connected with the loss of hydroxyl groups, and consequent mole- 
cular condensation, in the residue. 

(2) Between 400° and 600°.—In this interval, the characteristic 
differences of the types of coal are manifested. Oils, unsaturated 
hydrocarbons, higher paraffins, and oxygenated compounds are 
produced in quantity and quality dependent on the nature of the 
coal, and the thermal phenomena are varied in a corresponding 
degree. 

(3) Between 600° and 800°.—In this interval methane is 
evolved, and all the coals display marked exothermicity in passing 
through it. If the carbonisation of coal is on the whole 
exothermic, as is generally supposed, it seems likely that the prin- 
cipal factor in determining the exothermicity is operative in this 
interval, and that the main reaction responsible is the exothermic 
production of methane. This conclusion is supported by thermal 
calculation applied to hypothetical chemical equations for the 
carbonisation of coal with and without the formation of methane. 
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(4) Above 800°.—As clearly indicated by the experiments of 
Burgess and Wheeler, and confirmed by Vignon, hydrogen becomes 
the main product of distillation above 800°. The thermal change 
is equally marked around the same temperature. Above 800°, the 
process is either thermally neutral, or, more probably, slightly 
endothermic, presumably because the reactions producing hydrogen 
are themselves of that character. 

(5) Thermal phenomena at low temperatures are only marked 
with cellulose and coals of a high oxygen content, whilst pheno- 
mena at high temperatures are most marked with anthracite and 
coals of a low oxygen content. 


Tuer Untversiry or LEEDs. [Received, May 17th, 1915.] 


CXXI.—Preparation of Dichlorodinitromethane by the 
Simultaneous Nitration and Chlorination of 


Acetone. 
By Jirenpra Natu Raksair. 


THE present investigation was primarily undertaken with the object 
of preparing tetranitromethane by the action of nitric acid on 
acetone, the formation of nitroform as an intermediate product 
being expected, from analogy to that of iodoform: 

(CH;),CO + 6HO-NO, = 2CH(NO,), + 5H,O + CO,. 
In order to prevent the dilution of the acid, and a consequent 
change in the direction of the reaction, a considerable quantity of 
solid calcium chloride was added. It was observed that the initial 
vigorous reaction ceased after a few seconds, and chlorine, nitrosyl 
chloride, and nitrous fumes were evolved. The acetone was thus 
presented with an opportunity of undergoing simultaneous nitra- 
tion and chlorination, and dichlorodinitromethane was produced 
instead of the desired product. The reactions may be represented 
by the equations: 

CH,°CO-CH, + 2HNO,=CH,(NO,), + CH;°CO,H + H,O 
and CH,°CO-CH;+4HNO,=2CH,(NO,),+CO,+3H,0 ; 
CH,(NO,), + 4Cl=CCI,(NO,), + 2HCl. 


EXPERIMENTAL. 


Sixty grams of granulated calcium chloride and 40 c.c. of pure 
acetone were placed in a litre flask fitted with a tap funnel and an 
exit tube. The flask was cooled by a current of water during the 
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experiment. Ten c.c. of ordinary nitric acid were slowly added 
through the tap-funnel. After an interval of about five minutes 
the flask was shaken and 5 c.c. of nitric acid were added. Similar 
shaking and addition of acid were continued until the reaction had 
commenced, which occurred within twenty to twenty-five minutes 
with considerable violence, nitrous fumes, shortly afterwards accom- 
panied by chlorine and nitrosyl chloride, being evolved. After 
twenty minutes the evolution of nitrous fumes practically ceased, 
and the greater part of the calcium chloride had dissolved; then 
10 c.c. of nitric acid were added, and similar additions were con- 
tinued at intervals of ten minutes until all the calcium chloride 
was dissolved. The contents formed two layers; the upper one 
consisted of unchanged nitric acid, and the oily product of the 
reaction, and the lower one of a solution of calcium chloride. The 
upper layer was transferred to another flask cooled in water and 
containing 40 grams of calcium chloride. The addition of nitric 
acid by instalments was continued as before until all the calcium 
chloride had dissolved. The upper layer was again separated and 
similarly treated with calcium chloride and nitric acid. The whole 
experiment lasted about six hours. 

The upper layer was finally poured into a litre of water, when 
an insoluble heavy oil separated. This was distilled with another 
500 c.c. of water, and the faintly yellow oil obtained in the distil- 
late was separated and dried over solid calcium chloride. In 
different experiments the yield varied between 11 and 13 c.c. 
In an experiment in which 180 grams of calcium chloride, 120 c.c. 
of acetone, and 60 c.c. of nitric acid were used, the reaction 
suddenly started with its usual violence and subsequently a violent 
explosion occurred which destroyed the flask. Evidently the use of 
large quantities at a time is unsafe. Twenty c.c. of the oil pre- 
pared in the above way were distilled. The distillation commenced 
at 114°, below which only a few drops of oil were collected. 
Sixteen c.c. of the oil were collected at 121—123° with very slight 
disengagement of nitrous fumes. This fraction was redistilled, and 
then boiled at 121—122°5°. (Found, C=7'40; N=16°69; Cl= 
43°18. CO,N,Cl, requires C=7°33; N=16°96; Cl=43°03 per cent.) 

If instead of finishing the experiment within six hours the reac- 
tion mixture is kept overnight with an excess of nitric acid and 
calcium chloride, the whole experiment lasting twenty-four hours, 
a liquid of different composition is formed. This is colourless, in 
contrast with the pale yellow colour of the former compound, has 
a similar odour, and contains C= 8°38, N=9°97, and Cl=48°86 per 
cent. It is a more highly chlorinated product than dichloro- 
dinitromethane. 
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Dichlorodinitromethane is a transparent, pale yellow liquid of 
extremely pungent odour; its vapour powerfully affects the eyes, 
exciting tears. It is moderately volatile; when a drop is placed 
on a watch-glass it disappears within half-an-hour, the whole room 
being filled with its vapour, which is readily perceived by its action 
on the eyes. It is insoluble in water, and readily soluble in alcohol, 
ether, chloroform, benzene, or carbon disulphide. 

Losanitsch (Ber., 1884, 17, 849) obtained this compound by 
passing chlorine into an aqueous solution of potassiochlorodinitro- 
methane. Marignac (Annalen, 1841, 38, 16) prepared it by heat- 
ing naphthalene tetrachloride with fuming nitric acid, but Raschig 
(Ber., 1885, 18, 3327) observed that the yield is very poor. The 
present method of preparation of the compound by the simultane- 
ous nitration and chlorination of acetone is recommended on 
account of its simplicity and better yield. 


I take this opportunity to thank Prof. P. C. Ray, C.I.E., for the 
interest he has taken in this investigation. 


PRESIDENCY COLLEGE, CHEMICAL LABORATORY, 
CatcuTtTa, INpIA. [Received, January 25th, 1915.] 


CXXII.—The Molecular Condition of Mixed Liquids. 
Part II. Application of Traube’s Atomic Volume 
Method to Binary Mixtures. 

By Witt1am Rincrose GEtston ATKINS and KATHLEEN SHIPSEY. 


In a preliminary note by one of us (P., 1910, 26, 337), it was 
shown that the evidence given by Traube’s atomic volume method 
as to the existence of compounds in certain binary mixtures was 
in agreement with the cryoscopic determinations of Philip (T., 1903, 
83, 814) and with Treitschke’s (Zeitsch. physikal. Chem., 1907, 
58, 425) viscosity measurements, as well as with conclusions based 
on other evidence, either chemical or physicochemical. In some 
cases it was impossible to decide whether the figures indicated a 
largely dissociated compound or a mixture of two associated 
liquids. 

Part I of this series (T., 1913, 103, 1461) contained further 
calculations by Traube’s method, and apparently pointed to the 
existence of hydrates of the simple aliphatic alcohols. These 
results should, however, be attributed to the mixture of highly 
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associated liquids, for the mean of the association factors of water 
and the alcohols, as determined by Traube’s method, is slightly 
above two, and is lowered to almost exactly two by dilution with 
an equimolecular weight of another liquid. Owing to an un- 
fortunate error in the calculation of the association factors of the 
pure liquids, this conclusion was thought, when Part I was written, 
to be negatived by the values found. 

The completion of the research was rendered impracticable by 
the untimely death of Mr. T. A. Wallace, to whom the scheme of 
the work was largely due. 

In the present paper, a considerable number of further calcula- 
tions by Traube’s method are recorded, and, in order to complete 
the tables, the former calculations are incorporated. The recent 
work is based on the densities of the binary mixtures as given 
in the “Tables Annuelles Internationales de Constants et Données 
Numériques, 1910 and 19)1}.” 

The authors are well aware that Traube’s method is purely 
empirical, and that his conception of the co-volume is believed by 
many to be entirely erroneous. The method, however, has in 
numerous cases furnished results in agreement with those obtained 
by the most diverse well-established ways. For these reasons, it 
seemed of interest to test it further, and to inquire into its trust- 
worthiness for general use. 

The table which follows contains the values for the sum of the 
molecular volumes of a molecule of each liquid in an equimolecular 
mixture as calculated in the usual manner from the observed 


density of the mixture, /,,,,,. (obs.)= a The values of 
m+m’ 

Vinam (cale. as mixture) and J,,,,, (calc. as compound) are 

also given; they are obtained from Traube’s constants, quoted 

from Smiles (‘‘ Chemical Constitution and Some Physical Proper- 

ties,” pp. 125 and 143), by means of the equation 


Vin+m == atomic volumes+2 co-volumes 


in the case of a mixture, and one co-volume in the case of a com- 
pound. A correction for temperature has been made by treating 
the co-volume as if it expanded like a gas, and had an identical 
coefficient of expansion (Reychler, “Outlines of Physical Chem- 
istry,” p. 68). 
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Molecular Volumes of Equimolecular Binary Miztures. 


Vin+m’ in ¢.c. 


Calc. as Calc. as 
com- mix- 
A. B. t°. pound. Observed. ture. 
Methyl alcohol ............ Water 0-0 57-6 44-1 82-1 
Ethyl alcohol.............++ Water 25-0 75-9 75-5 102-7 
n-Propy] alcohol ......... Water 0-0 89-8 89-7 114-3 
Allyl alcohol ............++. Water 0-0 83-6* 83-3 108-1* 
tsoPropy] alcohol ......... Water 0-0 89-8 89-6 114-3 
n-Butyl alcohol ............ Water 0-0 105-9 106-9 130-4 
Oe ee Water 25-0 96-6 90-1 123-4 
Monochloroacetic acid... Water 25-0 83-4 83-0 110-2 
Formic acid ...........000. Water 25-0 57-2 55-3 84-0 
Formamide  .........60000+ Water 25-0 61-4 56-9 88-2 
PIOED Sciserrisssessecesins Water 0-0 86-8 86-3. 111-3 
PRUBGRB i cccssscccccccseceses Water 18-0 148-2 131-8 174-3 
Methyl alcohol ............ Acetone 15-0 104-2 99-9 130-0 
Ethyl alcohol............... Acetaldehyde 18:0 1045 103-2 130-6 
Ethyl ether .............0. Sulphuric acid 30-0 135-1 126-5 162-3 


* In these cases Traube’s negative value for the double bond was not 
substracted. 


In the above table, it may be seen that the agreement between 
the observed values and those calculated on the assumption of the 
existence of a compound is very close. As already pointed out, 
many such results can be quantitatively explained as being due 
to association of the constituents like with like. The agreement 
with the values for compounds is, however, extraordinarily close, 
and, were it not for the evidence furnished by the vapour-pressure 
measurements of Konowaloff (Ann. Phys. Chem., 1881, [iii], 14, 
34), of Ramsay and Young (P., 1888, 4, 101), and of Young and 
Fortey (T., 1902, 81, 724), which show that at high temperatures, 
at any rate, the attraction of the alcohol molecules for one another 
is greater than that of the alcohol for water molecules, one might 
very well conclude that the formation of hydrates had taken place. 
In the face of this, however, it seems that hydrates are not formed 
by the above alcohols. 

Trimethylearbinol, on the other hand, does form such a com- 
pound, (CH;),C-OH,2H,0, as shown by Paternd and Ampola 
(Atti R. Accad. Lincei, 1907, [v], 16, ii, 153), but this is com- 
pletely decomposed at 29°4°, and, indeed, even at its melting point, 
0°0°, it is about half dissociated. There is, of course, no con- 
nexion between the above-mentioned hydrate, containing 67°14 
per cent. of alcohol, and the mixture of minimum boiling point, 
which contains 88°24 per cent. of alcohol (S. Young, “ Fractional 
Distillation,” p. 233). It appears, then, that there is nothing 
inherently improbable in the formation of hydrates by the alcohols 
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at low temperatures, and, as a consequence of the law of mass 
action, the more dilute the solution the smaller will be the amount 
of the hydrate dissociated at any temperature. From this it 
follows that if deviations in the viscosity curves and contractions 
in volume on mixing are regarded as indicating the formation of 
compounds, the positions of maximum deviation or maximum con- 
traction will not denote the composition of the compound, but 
rather the positions of the maximum concentration of the com- 
pound in the solution, for increase of one component will lessen 
dissociation. The position may also be modified by changes in the 
association of the components, like with like. 

The figures in the table clearly show that methyl alcohol forms 
a compound with acetone, and that ethyl alcohol and acetaldehyde 
also unite. In these cases, the average association factor of the 
components of the mixture is less than two, so the conclusion is 
as certain as any evidence afforded by this method. Ethyl ether 
and sulphuric acid appear to form a compound also, although this 
is open to doubt, owing to the high association of the acid. 

Mixtures of formic and monochloroacetic acids with water give 
results which are best interpreted as being due to the average 
association of the liquid being approximately two, for it has been 
shown by Kremann (Sitzungsber. K. Akad. Wiss. Wien., Math. 
Nat. Kl., 116, abt. IIs, 795) that the evidence of cryoscopic 
experiments is against the formation of compounds between water 
and either formic or acetic acid. 

Phenol and diphenylamine, ammonium thiocyanate and _thio- 
carbamide, are also shown to form compounds when examined by 
Traube’s method. Chloral hydrate, too, is proved to be a com- 
pound, not a mixture of aldehyde and water. 

On the other hand, there is certainly no union between ethyl 
acetate and ethyl iodide, carbon tetrachloride and benzene, ethyl 
diacetyltartrate and either ethylene dibromide or naphthalene, 
o-nitrophenol and p-toluidine. 

In twenty-three other binary mixtures which were examined, it 
was not possible to arrive at a decisive result, for the figures 
obtained might be taken as pointing to the formation of largely 
dissociated compounds, or as being due merely to the associated 
condition of the components. 


Summary. 


Forty-six binary mixtures were examined, and, on the whole, 
it seems fair to conclude that in cases in which Traube’s method 
indicates the absence of a compound, the result may be safely 
accepted, for, as far as the authors are aware, such a conclusion 
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has not been invalidated by the appearance of a single exception 
based on other methods of examination. 

The cases in which Traube’s method apparently shows the 
formation of a compound are, however, in need of consideration 
before such a result is accepted, for in many cases the values found 
are, in reality, to be explained as being due to the average of the 
association factors of the mixed liquids having a value in the 
neighbourhood of two. 


UNIVERSITY CHEMICAL LABORATORY, 
Trinity COLLEGE, 
DvuBLIN. [ Received, February 16th, 1915.] 


CXXIII.—TZhe Relation Between the Infra-red and 
Ultra-violet Absorption and the Variation wm 
Absorption with Concentration. 


By Epwarp Cuartes Cyrit Baty and Freperick GERALD 
TRYHORN. 


In certain recent papers (T., 1912, 101, 1475; 1913, 108, 91, 
2085; Phil. Mag., 1914, [vi], 27, 632; J. Amer. Chem. Soc., 1915, 
37, 979) a theory of chemical reaction and reactivity has been 
put forward, based upon the electromagnetic force-fields surround- 
ing the molecules. If the force-fields are entirely closed, the mole- 
cules will have no reactivity, and for the true reactivity to be 
established, the closed fields must be opened or unlocked. This 
opening up of the fields may be produced by the effect of a solvent 
or of light, and it has been shown that the opening up must take 
place in stages. Each stage will be characterised by its power of 
selectively absorbing light, and thus an explanation is found of 
the absorption-band groups shown by any one substance, namely, 
that they are due to the various stages in the opening up of the 
closed molecular force-fields, 

By a very simple application of the energy quantum theory, a 
quantitative relation between the frequencies of the various 
absorption-band groups shown by any one substance has been 
obtained (Phil. Mag., 1914, [vi], 27, 632; 1915, 29, 223). It is 
found that the frequency of any absorption-, fluorescence-, or 
phosphorescence-band group must be an even multiple of that of 
a characteristic frequency in the ultra-red region, which may be 
called the fundamental frequency. Since the most obvious method 
of detecting a characteristic vibration frequency is by measuring 
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the light absorptive power, so the fundamental frequency will be 
recognised as an absorption band in the infra-red. It follows, 
therefore, that there must exist a constant frequency difference 
between the centres of all the possible absorption, fluorescence, 
and phosphorescence in the visible and ultra-violet regions, a 
difference which must equal the frequency of an absorption band 
in the infra-red. It is possible, of course, that in the presence of 
a given solvent some of the possible stages in the opening up of 
the closed field be not called into play. In that case, the differ- 
ence between the frequencies of the centres of the absorption 
bands may not equal the frequency of the infra-red band, but 
some integral multiple of that frequency. This relation mani- 
festly can only hold good if the various absorption bands belong 
to one single molecular system. If the relation is found, there- 
fore, to exist, it can undoubtedly be accepted as a clear proof that 
the absorption bands are functions of a single primary structure, 
and not of any possible isomerised product. 

It is a well-known fact that the wave-length of an absorption 
band is different according to whether it is observed with the 
vapour or with a solution of a substance, the effect of the solvent, 
as a rule, being to shift the band slightly towards the red. The 
reason for this shift has not hitherto been explained. Kundt 
attempted to connect it with the refractive index of the solvent, 
but this rule was found to fail in the great majority of cases. 
Strictly speaking, the above relation can only hold good between 
the frequencies of absorption bands when these are free from the 
disturbing influence of the solvent. Inasmuch as the absorption 
spectra of the majority of compounds can only be examined in 
solution, it is necessary to determine quantitatively the effect of 
the solvent before any experimental evidence can be dealt with 
in favour of the constant frequency relation in the case of solu- 
tions. In the present paper it is proposed to describe some results 
that we have obtained in a quantitative investigation of the effect 
of solvents. 

In the first instance, the case of benzaldehyde may be con- 
sidered. Four different absorption bands are shown, two in 
alcoholic solution and two in sulphuric acid solution, the fre- 
quencies of which (1/A) are 2920, 3407, 3561, and 4042 re- 
spectively, and it would seem at once that these are connected by 
the constant frequency relation. The difference between the two 
extreme frequencies is 4042—2920=1122=7x160°3. Assuming 
160°3 to be the fundamental frequency, the frequencies of the 
possible absorption bands can be calculated, and these are shown 
in the first column of table I. 
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TaB._eE I. 


Frequencies Frequencies 

calculated. observed. Errors. 
2920 2920 0 
3080 —_ —- 
3241 -- -- 
3401 3407 +6 
3561 3561 0, 
3722 ~- _ 
3882 -- _— 
4042 4042 0 


Again, if 160°3 be the value of the fundamental frequency in 
the infra-red, there should be a strong band at a wave-length of 
1/160°3, or 6°24. Coblentz (Publications of the Carnegie Insti- 
tution, 1905, No. 35) records a strong band at 6°25 p, which thus 
affords strong confirmatory evidence. 

The problem, however, is by no means as simple as would appear 
from the above, for, although the absorption bands do seem to be 
connected by the constant frequency relation, yet not one of the 
central frequencies shown in table I are integral multiples of the 
constant difference 160°3. We have found that not only does the 
position of the absorption band depend upon the nature of the 
solvent, but also upon the concentration in that solvent. Now, 
Purvis and McCleland (T., 1913, 103, 1088) have observed the 
absorption of benzaldehyde vapour, and the central line of the 
band is at a frequency of 3520, which is 22 x 160, and, as can be 
seen, this frequency does not agree with any of those shown in 
table I. The concentrations, however, at which the values shown. 
in table I were observed differed, and in table II are given the 
actual concentrations, together with the factors for the four 
bands. In the second column are shown the volumes in litres con- 
taining one gram-molecule of the aldehyde. 


TaBLeE II. 


Solvent. V. Frequency. Factors. 
Alcohol 3561 23 x 154-8 
4042 26 x 155-5 
2920 19 x 153-7 
3407 22 x 154-9 


99 


It will be seen at once that the tendency of the bands must be 
to shift towards the shorter wave-length with increasing dilution, 
and for the fundamental frequency to approach more nearly to 
the vapour value of 160. 

The absorption curves of salicylaldehyde in solution in alcohol, 
alcoholic sodium ethoxide, and concentrated sulphuric acid have 
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also been examined. Six bands are shown, and the central fre- 
quencies of these, together with the concentrations and the factors, 


are shown in table III. 


Taste III. 
Central 
Solvent. ° frequency. Factors. 
Sulphuric acid 2519 16 x 157-45 


Alcoholic sodium ethoxide 2649 16 x 165-56 
Alcohol 3049 19 x 160-4 


Sulphuric acid 3428 21 x 163-24 


Alcoholic sodium ethoxide 3813 23 x 163-65 
Alcohol 3874 24x 161-4 


This table shows in a very interesting way how the absorption 
bands vary with solvent and concentration. We have investigated 
the change in position of the less refrangible band of the alcoholic 
solution with change in concentration, and the results are given 


in table IV. 


TasLe IV. 
Wave-length of 
Central Factors fundamental 
frequency. (a x V,). infra-red band. 
3084 19 x 162-35 6-16 
3074 19 x 161-8 6-18 
3059 19 x 161-0 6-21 
3045 19 x 160-27 6-24 
3040 19 x 160-0 6-25 
3039 19 x 159-9 6-254 
3049 19 x 160-4 : 6-23 
3066 19 x 161-4 6-20 
3101 19 x 163-2 6-13 


The first value, V=0°1042, refers to the pure, homogeneous 
aldehyde, and therefore, on the addition of the solvent alcohol, 
the band first shifts towards the red, and then with increasing 
dilution it shifts back towards the shorter wavelengths. Owing 
to the limitations set by the spectrophotometer, we were not able 
to examine solutions of less concentration than W/50,000, but it 
is clear that the limiting value of 1/A is greater than 3101. 

The factors shown in the table were found in the following way. 
Purvis has measured the wave-lengths of the component lines of 
the more refrangible band of salicylaldehyde vapour (T., 1914, 
105, 2482), and there is no doubt that the central line is at 
A=2514 or 1/A=3978. Then, if the fundamental frequency be 
called v,, it is evident that 2v,=3978 and yv,=some number 
which is a little greater than 3101, 2 and y being two positive 
integers. Both bands have been observed in alcoholic solution of 
the same concentration, V =1280, and the centres of the two are 
then at 1/A=3066 and 3874 respectively, as shown in tables III 
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and IV. Since the concentration is the same in both cases, we 


have 
S874 _ 3066 
a. 2 
and, as z and y are two integers, the only possible solution is 
3874 3066 
a ] "4. 
24 19 aii 


It follows, therefore, that the central frequency of the less re- 
frangible band shown by an alcoholic solution of salicylaldehyde 
is 19x -v,, and that of the more refrangible band is 24 xv,, where 
vz is the fundamental infra-red frequency. It has already been 
pointed out that the true central frequency of the more refrangible 


Fic. 1. 


—= 165-75 


peed cote dene doe ce pees be == 


Fundamental infra-red frequencies 


321 | 
320 
19 a 

3995012345678 9 10 12 14 16 #18 


Log V. 


band, as shown by salicylaldehyde vapour, is 3978, and it follows, 
therefore, that the true fundamental frequency, when unaffected 
by the influence of any solvent, is 3978/24=165°75. It is clear 
from table IV that at infinite dilution the central frequency of 
the solution band must be greater than 3101, and that with in- 
creasing dilution it is approaching the value 165°75 x 19=3159°25. 

The values of v, given in table IV have been plotted against 
the logarithms of the corresponding values of V, and the result- 
ing curve is shown in Fig. 1, curve 1. The dotted portion is 
extrapolated in order to show that 165°75 is a very probable value 
of v, at great dilution. 

Two outstanding conclusions can be drawn from the above. In 
the first place, the position of the absorption band, as shown by 
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a solution, approaches the true value for the vapour on increas- 
ing dilution. In the second place, the variation in the position 
of the band in solution is due to the change in the position of the 
fundamental infra-red band. This band apparently varies but 
little in its position with concentration, but the resulting varia- 
tions in the positions of the ultra-violet bands are large. The 
investigation of the infra-red absorption spectra of substances in 
dilute solution is exceedingly difficult, owing to the great absorp- 
tive power of the solvents, but some preliminary investigations 
have shown that the fundamental band changes its position in 
the direction by an amount comparable with that shown in table 
IV. No measurements of the infra-red spectrum of salicylaldehyde 
have been published. It may be noted that these conclusions agree 
with the well-known van’t Hoff conception of dilute solutions of 
non-electrolytes. Exactly analogous results have been obtained 
with pyridine, which, however, only exhibits one absorption band 
in solution. In table V are given the central frequencies of the 
absorption band of pyridine dissolved in water free from carbon 
dioxide. 
TABLE V. 
Fundamental 
Frequency. Factors. infra-red band. 
3876 12 x 323-00 3-096. 
3828 12 x 319-00 3-135 
3853 12 x 321-10 3-114 
3888 12 x 324-00 3-086 
3891 12 x 324-25 3-084 
3903 12 x 325-50 3-072 
3910 12 x 325-83 3-069 
The value at V =0°08065 refers to pure, homogeneous pyridine, 
and, as can be seen, the absorption band again shifts towards the 
red on the addition of a small quantity of the solvent, and then 
back towards the shorter wave-lengths as the concentration 
decreases. The limiting value is clearly a little greater than 3910. 
Now, Purvis (T., 1910, 97, 692) has published the measurements 
of the component lines of the vapour band of pyridine, and of 
these the central line has a frequency of 1/A=3587. It is evident 
that these refer to a less refrangible band than the one exhibited 
by the solution, a fact already noted by Purvis, and this enables 
us at once to determine the factors. The difference between the 
two frequencies, 3910 —3587=323, must be a little smaller than 
the true fundamental infra-red frequency of pyridine, and it there- 
fore follows that this fundamental frequency must be 326°09, since 
11 is the only integral divisor of 3587, which gives a value a little 
larger than 323. Further, the true central frequency of the more 
refrangible band, when free from solvent influence, must be 
12 x 326°09=3913°08. It is again clear, therefore, that on in- 
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creasing dilution, the position of the solution band of pyridine 
approaches the true vapour value, just as was shown to be the 
case with salicylaldehyde. 

The curve showing the relation between v, and V for pyridine 
is shown in Fig. 1, curve II. It is interesting to note that the 
minimum value occurs at V=0°1, and that this corresponds almost 
exactly with the existence of the monohydrate, C;H;N,H,O. It 
follows, therefore, that when pyridine is mixed with water, the 
monohydrate is formed, but that at great dilution the pyridine 
molecule exists in a similar condition to that in pyridine vapour. 

In general, therefore, it may be concluded that the shift in the 
position of the absorption band on solution is due to the relative 
affinity between solute and solvent, and to the tendency to form 
a solvate. It is interesting to note that, in the case of salicyl- 
aldehyde and alcohol, where the difference between the affinities is 
far smaller than in the case of pyridine and water, a much greater 
mass of solvent is necessary before the maximum effect is produced. 

A second point to be dealt with is the variation in the absorptive 
power with change in concentration. The fact that the absorptive 
power of pyridine increases with dilution has already been shown 
qualitatively (Baly and Rice, T., 1913, 103, 91), and also: it is 
well known that it is much greater in acid than in neutral solvents 
(Hartley, T., 1885, 47, 685; Baker and Baly, T., 1907, 91, 1122). 
The latter fact renders possible the use of a variety of solvents, 
and we have determined quantitatively the absorptive power of 
pyridine in water, alcohol, V/5000- and N/1-aqueous — 
acid, and concentrated sulphuric acid. 

According to the well-known law, the absorptive _— is ex- 
pressed by 

fn = gic whence k = loge/° + de 

ot - cia si 
where Z, and Z are the intensities of the light before and after 
transmission through a solution d cm. thick and of concentration 
C’, and & is the so-called absorption constant, and equals the mole- 
cular extinction coefficient multiplied by 2°303, the base of natural 
logarithms. According to Beer’s law, & should be constant, but, 
as is well known, in the majority of cases & increases with decrease 
in concentration. If the concentration is expressed in gram- 
molecules per litre, the value of k& refers to 1 cm. of a molar 
solution. 

In the case of pyridine in the five solvents mentioned, the value 
of & increases with the dilution up to a constant maximum, and 
the curves expressing the relation between & and V are shown in 
Fig. 2. For convenience, log& is expressed on the ordinates and 

4E 2 
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log V on the abscisse. Since pyridine only shows one absorption 
band, it is evident that we are dealing with the equilibrium 
between the closed molecular force-field and one stage in the open- 
ing up, and, further, that since the absorptive power increases 
with dilution, the amount of the opened-up stage increases with 
dilution. According to the law of mass-action as usually con- 
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Absorptive power of pyridine in various solvents. 
I. Water. II. Alcohol. IIL. N/5000-Hydrochloric acid. 
IV. N/l-Hydrochloric acid. | V. Concentrated sulphuric acid. 


ceived, when one molecular entity changes into another molecular 
entity, the relative amounts of the two entities present in the 
equilibrium is independent of the dilution, for if z is the fraction 
of the molecules changed, the law of mass-action states that 


constant. 
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Obviously, therefore, the simple mass-action law does not hold, for 
the curves in Fig. 2 show that the number of opened-up molecules 
increases with dilution up to a constant value, which is reached 
when the solvent has opened up the maximum number possible 
for that solvent. Let f be the fraction of that maximum which 
exists at any given concentration, then clearly f must lie between 
0 at 1) =0 and 1 at =o, and, further, must be some function 
of V. The simplest possible relation connecting f and V under 
the conditions is 
f=1—e-, 

where a is a characteristic constant of the solvent and substance 
dealt with. Since it may justifiably be assumed that the absorp- 
tive power, k, is proportional to the amount of opened-up stage 
present, we may put 


k 
f kK’ 
where A is the maximum and constant value of / in the par- 
ticular solvent. We thus have 
= l-—e-«", 
whence 


and 
R 


A—k 

From this formula, the values of k were calculated for pyridine 
at various concentrations in the five different solvents, ‘and the 
curves shown in Fig. 3 were drawn from these, the crosses 
indicating those experimentally determined. The values of a were 
calculated from the absorptive power of pure pyridine and the 
appropriate K only, and hence the agreement between observation 
and calculation is extremely satisfactory. There is no doubt, 
therefore, that the above formula correctly expresses the relation 
between & and V. 

The values of K and a for the five solvents are as follows: 


= ald. 


log 


N/5000-hydrochloric acid... 0-15537 
N-/1-hydrochloric acid ... 0-084072 
Concentrated sulphuric acid 0-011491 133,993 


As regards the frequency of the centre of the absorption band 
of pyridine in the five solvents, it is interesting to note that in 
each case at great dilution it approximates very nearly to the true 
vapour value, calculated above to be 3913°08. 
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It is to be expected that the simple formula f=1—e-*" cannot 
hold good in cases where molecules are reversibly changed by the 
solvent into two or more entities. For example, if each molecule 
is converted into two entities, and if z is the fraction so con- 
verted, the effective mass of the two entities will be proportional 
to 2%. We should therefore expect a relation to exist between 
2 and V, that is, between x and /V. In this case the formula 
would be f=1—e-4vV and in the most general case f=1—e-«VV, 
where » depends upon the number of entities in the equilibrium. 


Fic. 3. 


au T 


C 


10 14 18 0-2 06 1:0 14 18 22 26 30 3-4 
Log V. 
Absorptive power of aniline in alcoholic solution. 
I. Less refrangible band. II. More refrangible band. 


We have investigated the absorption bands of aniline in alcohol 
(free from carbon dioxide) at various concentrations, and find 
that in this case the relation is expressed by 

k a 7 : 
k 

Aniline shows two absorption bands, and therefore two stages 
in the opening up of the closed molecular force-field co-exist in 
the equilibrium. If A, B, and C be the fractions of one gram- 
molecule which exist in the closed form and in the first and 
second stages of opening up, then the equilibrium is expressed by 


THE INFRA-RED AND ULTRA-VIOLET ABSORPTION, ETC. 1131 


A= B = € and therefore the above relation is of some 
interest. 

The values of a and K for the two bands are as follows: 

a. K. 
Less refrangible band .... 0-27618 eee 3719 
More refrangible band .... 0-08759 exe 18,090 

The results are shown graphically on Fig. 3, where the crosses 
indicate the values experimentally found. It will be seen that 
the agreement between observation and calculation is exceedingly 
good. 

Two further points may be noted in connexion with aniline. In 
the case of the equilibrium A =— B—C if it be assumed that z 
is the fraction of A which exists in the first stage, and also the 
fraction of B which exists in the second stage, of opening up, 
then we have 4+#4+42°A=1. 

The maximum values of the absorptive power (A) for the two 
bands are 3719 and 18,090 respectively. The value of «, there- 
fore, is 

3719 
18,090 
and from the equation A+24A+2a*d4=1 the value of A is found 
to be 0°80138. The amounts of the three components present in 
the equilibrium are therefore: 
Closed form 0-80138 


lst stage (more refrangible band) 0-16475 
2nd stage (less refrangible band) 0-03387 


= 0°205583, 


1-00000 


Again, the molecular absorptive power of aniline, if it existed 
entirely in either of the stages alone, would be 
18,090 =: 3719 
U'16475 = U'U3387 
It may be seen from the curves that the equation A + #A+a°A=1 
holds only where the maximum effect of the solvent is established. 
In the second place, we find that the central frequencies of both 
aniline bands vary with concentration in exactly the same way as 
those of pyridine and salicylaldehyde. In the case of aniline, how- 
ever, we were able to measure the limiting values of these central 
frequencies at great dilution (V =84,000), and found them to be 
3496°7 and 4255 respectively. If the contention put forward in 
the earlier part of this paper is true, these should both be exact 
multiples of the true fundamental frequency of aniline, v,, that 
Is to say, 


= 109,802. 


34967 _ 4255 
ad y 


= Ven 
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a and y being two integers. The only solution of this is given by 


and 


From Purvis’ measurements of aniline vapour (T., 1910, 97, 
1546), the central frequency lies at A=2859°5 or 1/A=3496'1, 
whence v,=152°0. The conclusions drawn in the earlier portion 
of this paper are therefore fully confirmed. 


Conclusions. 


(1) On the addition of a solvent to a substance exhibiting 
selective absorption, the absorption band shifts at first towards 
the red until a minimum value of the central frequency is 
obtained, the concentration at which this occurs depending upon 
the relation between the affinities of solute and solvent. Further 
dilution causes a progressive shift of the centre of the band 
towards the shorter wave-lengths, until at great dilution a constant 
maximum frequency is reached. This maximum frequency is the 
same as exhibited by the absorbing substance in the state of 
vapour. 

(2) Further confirmation has been obtained of the fact that the 
central frequencies of all absorption bands in the visible and ultra- 
violet regions are whole multiples of a fundamental frequency in 
the short wave infra-red. The shift of the absorption band 
described under 1 is due to the shift of this fundamental fre- 
quency caused by the solvent. 

(3) Accompanying these changes in the position of the absorp- 
tion band, there is an increase in the absorptive power up to a 
constant maximum. If X be the maximum absorptive power, and 
k that at any concentration, the relation holds good that 

B= lao, 
where a is a constant and nm is a number depending upon the 
number of entities into which the molecules are reversibly resolved 
by the solvent, and V the volume, in litres, containing one gram- 
molecule of the substance. 


Our cordial thanks are due to Mr. James Rice for the great 
interest he has taken in these experiments, and for the valuable 
help he has given us. 
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CXXIV.—Acetyl Derivatives of the Diphenyl- 


thiosemicarbazidcs. 
By James LyttLteE McKEE. 


Acyt haloids combine directly with thiocarbamide and with many 
of its derivatives containing hydrocarbon radicles. 

In the case of monosubstituted derivatives, the acyl haloid forms 
a stable additive compound, in which the acyl group is combined 
with the sulphur atom, but which, by the loss of hydrogen haloid, 
becomes unstable, and passes more or less readily into the thio- 
carbamide, NAcR:°CS:NHsg. 

The latter can be further transformed by the migration of the 
acyl group into the symmetrical form NHR-CS-NHAc (Dixon and 
Hawthorne, T., 1907, 91, 122). In view of these results, it was 
of interest to study the action of acyl haloids on the thiosemi- 
carbazides, which may be regarded as thiocarbamides in which one 
amino-group has been replaced by the hydrazido radicle, -*NH-NH,. 
In the present paper, the substances selected were the diphenyl- 
thiosemicarbazides containing the phenyl radicles attached to 
different nitrogen atoms, and acetyl chloride. Two compounds of 
this class are known; A-diphenylthiosemicarbazide melts at 138°, 
but on fusion, or on boiling for a few minutes with alcohol and a 
trace of hydrochloric acid, is converted into an _ isomeride, 
B-diphenylthiosemicarbazide, melting at 178°. 

The nature of the isomerism of these two substances has given 
rise to some discussion. Marckwald (Ber., 1892, 25, 3098), on 
somewhat scanty evidence, suggested that they were stereo- 
isomerides ; but, nine years later, Busch and Wolpert (Ber., 1901, 
34, 304), having made certain observations that threw doubt on 
some of his work, Busch and Holzmann (ibid., p. 320) were led 
to reinvestigate the problem. They assigned to the A-compound 
the constitution NHPh-CS-NPh:NH,, and to the B-compound 
NHPh-CS-NH-NHPh, formule which are now generally accepted. 
A third compound of this class, having the constitution 

NH,°CS:NPh:NHPh, 
is theoretically possible, but has not yet been prepared. 

When ac-diphenylthiosemicarbazide* was treated with acetyl 
chloride, the primary change anticipated was that represented by 
the equation 

NHPh-NHOCS + CHyCOCl —> wapaenn>CS<or 


* In what follows the position of substituted groups will be indicated 
by the letters a, b and e, according to the scheme: NH,. CS. NH. NH.,. 
a b c 
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and it was found that the two substances united readily in these 
proportions. The product loses hydrogen chloride when melted 
or treated with alkalis, the residue for the moment being, pre- 


sumably, 


NPhs.08-CO-CH, or the tautomeride 


NUPh-NH 
NEE N>C3*CO-CH,. 


This, by migration of the acetyl group, may give a compound 
having one of the forms NAcPh-CS-NH-NHPh, 
NHPh-CS-NAc-NHPh, or NHPh-CS:NH-NAcPh. 

An unexpected result was obtained, however, analysis of the com- 
pound formed indicating that a molecule of water had also been 
eliminated. The constitution of this anhydride will be considered 
later. If the additive compound is treated with an equivalent 
quantity of cold, very dilute alkali, or if it is warmed for a short 
time with water, no dehydration occurs, hydrogen chloride alone 
being withdrawn. 

The product, which later will be shown to have the constitution 
NHPh-CS:NH-NAcPh, loses the elements of water so readily that 
it is converted into the above dehydration compound by boiling it 
with water. On heating the additive compound with alcoholic 
potassium hydroxide, a small yield of another compound was 
formed, which proved to be identical with a substance obtained 
by Vahle (Ber., 1894, 27, 1513), to which he assigned the constitu- 
tion NHPh°CS-NPh-NHAc. When ab-diphenylthiosemicarbazide 
is treated with acetyl chloride, the course of the reaction depends 
on the solvent used. In the presence of benzene, Vahle’s compound 
(see above) is formed, but if acetone is used, a substance is obtained 
to which, for reasons given later, the constitution 

NAcPh-CS-NH-NHPh 
has been assigned. 

A consideration of the formule of the diphenylthiosemicarbazides 
shows that five compounds containing one acetyl group attached to 
nitrogen are possible. The stable compound could yield: 
(1) NAcPh-CS-NH-NHPh, (2) NHPh-CS-NAc-NHPh, and (3) 
NHPh-CS-NH-NAcPh; whilst from the labile compound the 
possibilities are: (4) NAcPh-CS-NPh-NH,, and (5) 

NHPh:-CS:NPh-NHAc. 

Of these, three forms only, (1), (3), and (5), have been obtained, 
all efforts to prepare forms (2) and (4) having failed. The ex- 
amination of the mechanism of the conversion of ab-diphenylthio- 
semicarbazide into ac-diphenylthiosemicarbazide, 

NHPh-CS:NPh-NH, —> NHPh-CS-NH-NHPh, 
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suggests an explanation of the failure to obtain the last two com- 
pounds. The reaction consists in the interchange of the positions 
of the ‘-NPh and -NH groups so that the more electronegative 
‘Ph complex takes the position further away from the -CS group. 
Forms (1), (3), and (5) are likely, therefore, to be stable, whereas 
(2) and (4) are not, and would probably change into forms (5) 
and (1) respectively. 

Two derivatives of ac-diphenylthiosemicarbazide isomeric with 
those just tabulated are theoretically possible, having the constitu- 
tions NHAc-CS‘-NPh-NHPh and NH,°CS:NPh-NAcPh, and of 
these the former has now been prepared by an indirect method ; 
the latter is still unknown. 

In the above general description, the methods employed to 
establish the constitutions of the various products have been 
omitted. They are discussed in connexion with the experimental 
data given below. 


ExPERIMENTAL. 
1. ac.-Diphenylthiosemicarbazide and Acetyl Chloride. 


To a suspension of 10 grams of the finely-powdered and well- 
dried thiosemicarbazide in 20 c.c. of dry benzene, 6 c.c. of acetyl 
chloride were added. The mixture gradually became warm, and 
solution occurred. On keeping overnight, a crystalline substance 
had separated, which was collected, well washed with benzene, and 
dried. The yield corresponded with that calculated from the 
equation 

NHPh:CS:NH-NHPh + AcCl=NHPh-CSAcCl-NH-NHPh. 
After two recrystallisations from alcohol containing a few drops 
of hydrochloric acid, a colourless crystalline product was obtained 
which, beginning to colour at 160°, sintered at 218° and melted 
at 233°, with evolution of hydrogen chloride. It was somewhat 
soluble in water, giving an acid solution, which responded to the 
test for a chloride, and in acetic acid. When it was heated with 
a strongly alkaline solution of lead, desulphurisation occurred. 
With alkali alone it gave a bright yeilow colour: 

0°3283 gave 37°3 c.c. N, (moist) at 13°5° and 766°5 mm. 

N=13°28. 

0°7530 required 23°22 c.c. V/10-AgNO,. Cl=10°93. 

04894 gave 0°3486 BaSO,. S=9°78. 

C,;H,,ON,CIS requires N=13°09; Cl=11°02; S=9-96 per cent. 

It behaves like the salt of a moderately strong base, its aqueous 
solution giving precipitates when treated with solutions of many 
inorganic salts. Solutions ef an iodide, nitrate, thiosulphate, thio- 
cyanate, or phosphate gave white precipitates, potassium chromate 

4F2 
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a dense, yellow precipitate, but no precipitate was given by a solu- 
tion of a sulphate or a bromide. The absence of any precipitate 
with bromide solutions is remarkable, as the iodide seems to be one 
of the most insoluble salts. Picric acid gave a dense, yellow pre- 
cipitate. The nitrate and picrate were prepared and analysed. 
Nitrate—A saturated aqueous solution of the chloride* was 
precipitated with dilute nitric acid, the product collected, washed 
with water, and crystallised from water at 60°. It formed colour- 
less crystals, melting and decomposing at 173—174°: 
0°2422 gave 35°4 cc. N, (moist) at 16°5° and 742°3 mm. 
N=16'17. 
0°3454 gave 0°2358 BaSO,. S=9°38. 
C,;H,g0,N,8 requires N=16°12; S=9°20 per cent. 
Picrate.—This was prepared in the same way as the nitrate, and 
crystallised from alcohol at 50°. It formed yellow crystals, melt- 
ing at 175°: 
0°2108 gave 30°9 c.c. Ny (moist) at 17°5° and 738 mm. N=16'18. 
C,,H,O,N,S requires N=16°31 per cent. 


Decomposition Products of the Chloride. 
A. c-Acetyl-ac-diphenylthiosemicarbazide. 


Four grams of the chloride were warmed on the steam-bath with 
100 c.c. of water. At first, most of the chloride dissolved, but a 
crystalline product began to separate before solution was complete, 
and soon collected in considerable quantity. The solid was filtered 
off, washed with warm water, and recrystallised from alcohol. It 
was devoid of chlorine, was desulphurised by boiling with an 
ammoniacal solution of silver nitrate, but not with an alkaline 
lead solution, and was insoluble in water and in hydrochloric acid. 
Efforts to prepare a salt from it failed, the basic properties of the 
acetyl chloride additive compound having disappeared with the 
withdrawal of hydrogen chloride. When a melting-point tube 
containing the finely powdered material was plunged into acid at 
160°, the substance melted for an instant with effervescence, then 
resolidified, and did not melt again until the temperature was 
raised to 261°: 

0°1924 gave 25°0 cc. N, (moist) at 16° and 761°5 mm. 

N=14'88. 

0°2400 gave 0°2012 BaSO,. S=11°51. 

C,;H,,ON,S8 requires N=14°77; S=11°24 per cent. 

There are two other methods by which this compound may be 

* In the remainder of this section the acetyl chloride additive compound 
is referred to as the chloride. 
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prepared. It can be obtained from the chloride by shaking the 
finely powdered material for some time with an exact equivalent 
of cold, very dilute sodium carbonate solution, or from phenylthio- 
carbimide and as-acetylphenylhydrazine by warming equal mole- 
cular proportions of the two substances on the steam-bath. After 
a short time solution occurs, but the liquid soon begins to solidify, 
and in a few minutes changes into a crystalline mass of the acetyl- 
diphenylthiosemicarbazide, the yield being practically quantitative. 
This method of preparation establishes its constitution : 
PhNCS + NAcPh:-NH,= NHPh-CS-NH-NAcPh. 

It has been shown that withdrawal of the acid from the chloride 
yielded a product containing an acetyl group attached to nitrogen, 
and showing no basic properties. Dixon and Taylor (T., 1912, 
101, 2502) have investigated the additive products formed by 
acyl chlorides with various substituted thiocarbamides, and have 
pointed out that their formation may be adequately explained by 
supposing the acyl chloride adds itself to the sulphur atom, with 
the production, in the case of the ab-disubstituted derivatives, of 
a compound having the constitution 

NHRY peg Acyl 
NHRCS<oy” 

These compounds were easily disulphurised by alkaline lead 
solution, but yielded, by the loss of hydrogen chloride, substances 
which did not form salts, and were, in general, much less readily 
disulphurised. The resemblance between these properties and those 
of the chloride described above is so close that probably the latter 
belongs to the same class of substances as those described by Dixon 
and Taylor (loc. cit.), and has the constitution 


NHPh ‘ Ac 
NHPh:-NH>CS<gy : 


B. Anhydride of c-Acetyl-ac-diphenylthiosemicarbazide. 


Attention has been drawn to the fact that c-acetyl-ac-diphenyl- 
thiosemicarbazide has two melting points, at the lower of which 
(160°) strong effervescence occurs. This effervescence was found 
to be due to the escape of water vapour, and the residue, after 
recrystallisation from alcohol, proved to be identical with a com- 
pound described later, which has the formula C,,;H,,N,S, that is, 
the molecule of the acetyl derivative had lost the elements of one 
molecule of water. This dehydration occurred slowly when the 
acetyl derivative was heated at 130° in an air-bath, further decom- 
position taking place to some extent, as the loss of weight was 
invariably 1 or 2 per cent. above the calculated amount. No 
appreciable loss of weight took place when it was heated at 125°, 
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but, strange to say, complete dehydration occurred when it was 
boiled for some time with water. This anhydride* can be obtained 
directly from the chloride. When the latter is heated to fusion, 
hydrogen chloride escapes, and a dark-coloured residue is left. 
This consists mainly of the anhydride, which can be purified by 
decolorisation with animal charcoal and repeated recrystallisation 
from alcohol. It may be obtained pure by boiling the chloride 
for some time with water, and forms also the main product when 
the chloride is treated with moderately concentrated alkali; in this 
case, however, a somewhat oily mixture results, from which the 
anhydride is separated with difficulty. The most convenient 
method of preparation is from acetic anhydride and ac-diphenyl- 
thiosemicarbazide. Ten grams of the thiosemicarbazide were 
heated on the water-bath for two hours with 5°6 c.c. of acetic 
anhydride. The mixture gradually became fluid, and then slowly 
solidified. The product was crystallised twice from alcohol, and 
yielded 5 grams of colourless, needle-like crystals, which melted at 
261°5°. After many recrystallisations from alcohol, the melting 
point rose to 265°. When melting-point tubes containing the pure 
material were plunged directly into hot acid, sintering was 
observed at 230°, and fusion, for a moment only, at 234°. Some 
material which had been fused and then recrystallised once from 
alcohol showed the same phenomena, hence it is evident that what- 
ever change takes place at 230—234° is very easily reversed. 
Possibly it is a conversion of the thiocarbamidic into the tauto- 
meric iso-form, or vice versa. The analysis of the pure product 
gave the following results: 


0°2127 gave 0°5240 CO, and 0°0962 H,O. C=67:19; H=5:07. 
0°2234 ,, 30°6 c.c. N, (moist) at 145° and 765°5 mm. 
N=15'91. 
0°2196 gave 0°1900 BaSO,. S=11°88. 
1°1465,+ in 23°1 c.c. of chloroform, gave A‘= + 0°45°. M.W.=289. 
C,;H,3N;8 requires C=67'40; H=4:90; N=15°76; S=11°99 per 
cent. M.W.=267°3. 


It is readily soluble in cold concentrated hydrochloric or 
sulphuric acid, and by dilution or neutralisation is precipitated 
unchanged from its solution in the former. It is very sparingly 
soluble in alcohol (100 c.c. of boiling alcohol dissolve about 4 
grams), benzene, or ether, but dissolves readily in chloroform. 
When heated with an ammoniacal solution of silver nitrate it is 
desulphurised, but not when alkaline lead solution is used. The 
small yield obtained in the preparation, in which acetic anhydride 


* In what follows this compound will be referred to as the anhydride. 
t In Landsberger’s apparatus. 
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was employed, suggested the possibility that other compounds 
might be formed simultaneously with the anhydride. The alcoholic 
mother liquor, when evaporated, gave a residue mainly insoluble 
in hydrochloric acid. {t was washed, therefore, with this acid to 
remove any of the arhydride, then with water, and crystallised 
several times from alcohol. The product formed needle-like 
crystals, which were proved by the method of mixed melting points 
to be identical with Vahle’s compound, NHPh-CS:NPh-NHAc, 
which melts at 133°. It has been shown that two products are 
obtained from the action of acetic anhydride on ac-diphenylthio- 
semicarbazide, one of these being identical with the anhydride of 
c-acetyl-ac-diphenylthiosemicarbazide. As the latter was the only 
acetyl derivative obtained which could be dehydrated, it may be 
assumed that it is formed in the first instance, and subsequently 
loses water under the influence of the hot acetic anhydride, and, 
later, the acetic acid formed in the reaction. There are two other 
positions in the thiosemicarbazide molecule in which an acetyl 
group might be engaged, the compounds having the constitutions 
represented by the formule 
NAcPh:CS-NH-NHPh and NHPh-CS-NAc-NHPh. 
Of these, the first has been prepared by a method described below, 
and it melts at 161°. It is not the same, therefore, as Vahle’s 
compound (m. p. 133°), nor could Vahle’s compound be obtained 
from it. There remains, therefore, only one compound, 
NHPh-CS-NAc-NHPh, 

to be considered. It has already been pointed out (p. 1134) that 
a molecule having this constitution would probably be unstable, 
and give, by interchange of the acetyl and phenyl groups, a com- 
pound having the constitution NHPh-CS-NPh-NHAc. 

This is the constitution assigned by Vahle to his compound 
melting at 133°, and it has been confirmed by new methods of pre- 
paration, given below. In the above reaction, therefore, of the 
three acetyl derivatives which might be formed, not a trace of the 
most stable isomeride is obtained, the preparation yielding a 
decomposition product of one of the other forms, and a transforma- 
tion product of the third. 

The ease with which c-acetyl-ac-diphenylthiosemicarbazide loses 
water is rather surprising. It seems very probable that the acetyl 
group changes into the enolic form, -C(OH):CH,, giving a com- 
pound of the constitution NHPh-CS-NH-NPh-C(OH):CH,. This 
could lose water in three different ways, giving compounds of the 
forms: 
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“N Ph 


NPh 
(1) CS ana OCH, (2) NUPhCSNC Poo and 


NH- NPh 


(3) NPh: CS é: CH,’ 


or its tautomeride, 
N-NPh 
NHPh: CK &: CH, 


The facts known are insufficient to enable a choice to be made 
between these formulz. 


C. c-Acetyl-ab-diphenylthiosemicarbazide. 


The chloride was heated for some time on the water-bath with 
excess of alcoholic potassium hydroxide, the solid which separated 
on cooling being crystallised a few times from alcohol. Colourless, 
needle-like crystals were thus obtained, which melted at 133°, and 
were proved by the mixed melting-point method to consist of 
Vahle’s compound (loc. cit.). The formation of this compound 
probably takes place in the following stages: 

NHPh-CSAcCl-NH-NHPh —> NHPh-CS-NAc-NHPH —> 

NHPh-CS-NPh-NHAc. 


II. ab-Diphenylthiosemicarbazide and Acetyl Chloride. 


In the case of these substances, the nature of the reaction 
depends or the solvent, different compounds being obtained accord- 
ing as benzene or acetone is used. 

A. Reaction in the Presence of Benzene—When 5 grams of dry 
and finely powdered ab-diphenylthiosemicarbazide were suspended 
in benzene and treated with 3 c.c. of acetyl chloride, much heat 
was evolved, and the solid dissolved. On keeping, crystals 
separated out, which were collected and washed with benzene. 
The product, which contained only a trace of chlorine, after several 
recrystallisations from alcohol, formed colourless needles, melting 
at 131—132°. The following is a more convenient method of 
preparation. 

Five grams of ab-diphenylthiosemicarbazide were heated on the 
water-bath for ten minutes with 2°8 c.c. of acetic anhydride, and 
the product was crystallised a few times from alcohol, after which 
it melted at 133°. Vahle (loc. cit.), by heating s-acetylphenyl- 
hydrazine with phenylthiocarbimide, obtained a compound crystal- 
lising in pale yellow needles, and melting at 131—132°, to which 
he assigned the constitution NHPh-CS-NPh:-NHAc. 

The author, repeating Vahle’s preparation, obtained a colourless 
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material, melting at 133°, which was found by the mixed melting- 
point method to be identical with the compound described above. 
B. Reaction in Presence of Acetone.—A very vigorous reaction 
took place when 5 grams of dry, finely powdered ab-diphenylthio- 
semicarbazide were suspended in acetone, and treated with 3 c.c. 
of acetyl chloride. The product was poured into dilute alkali, and 
the oil which separated was well stirred with the solution, when, 
after some time, it became solid. It was then collected, well 
washed with water, and crystallised a few times from alcohol, when 
it was obtained in large, prismatic crystals, melting at 161—162°: 


0°2512 gave 0°2026 BaSO,. S=11°08. 

C,;H,;ON,S requires S=11°24 per cent. 

On boiling with alcohol and ferric chloride, it sscalh a blood-red 
colour, bleached by hydrochloric acid. 

Efforts to prepare an acetyl chloride additive derivative of the 
labile diphenylthiosemicarbazide were unsuccessful. Since this 
compound has both -NPh complexes joined directly to the :CS 
group, it would not show the same tendency to unite with acetyl 
chloride as the isomeride, in which one phenyl group is further 
away. Thus, for example, “the compound of diphenylthiocarb- 
amide with acetyl chloride is distinctly less stable than that of 
monophenylthiourea ” (Dixon and Hawthorne, T., 1907, 91, 138). 
Two derivatives of the labile thiosemicarbazide containing an acetyl 
group joined to nitrogen are theoretically possible, having the con- 
stitutions NAcPh-CS:NPh-NH, and NHPh:CS-NPh-NHAc. 

In these two derivatives, the effect which the acetyl group would 
have on the tendency of the labile thiosemicarbazide to undergo 
the rearrangement, 

NHPh-CS-NPh:-NH, —> NHPh-CS-NH-NHPh, 
is important. 

In the first. case, it would increase this tendency so much that 
the compound having this constitution would probably be incap- 
able of existence, passing at once into the stable form, 

NAcPh:CS-NH-NHPh, 
whilst in the second case the introduction of the acetyl group would 
entirely prohibit this rearrangement. 

Thus, for the two compounds which have been ‘obtained, only 
two constitutional formule, namely, NAcPh-CS‘NH-NHPh and 
NHPh-CS-NPh-NHAc, need be considered, and it remains to 
decide which should be assigned to the compound melting at 133° 
and which to the other melting at 161°. The compound melting 
at 161° is decomposed by boiling acids. A small portion was 
boiled with 20 per cent. sulphuric acid, and, at the same time, 
distilled in a current of steam. An oil separated from the dis- 
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tillate, which was proved by its characteristic odour, and by its 
giving diphenylthiosemicarbazide when treated with phenyl- 
hydrazine, to be phenylthiocarbimide. Another portion was boiled 
in an open beaker with hydrochloric acid as long as it gave the 
odour of phenylthiocarbimide, and then evaporated to small bulk. 
On cooling, a solid separated out, which, after crystallisation from 
alcohol, melted at 247°, and yielded with benzaldehyde a com- 
pound melting at 157°. These are the melting points of phenyl- 
hydrazine hydrochloride and of benzaldehydephenylhydrazone. The 
presence of acetic acid among the decomposition products was proved 
in various ways, but for some reason it was not detected in a 
quantity corresponding with that of the other products. The 
action of boiling acids (HX) can be represented by the equation 


NAcPh-CS:NH-NHPh + H,O + HX = PhNCS+ AcOH + 
NHPh-NH,,HX. 


Possibly, acetylphenylhydrazine is formed in the first instance, 

NAcPh-CS:NH-NHPh=PhNCS+ NHPh-NHAc. 
This compound is decomposed by hot acids into a phenylhydrazine 
salt and acetic acid. A similar decomposition is that of acetyl- 
thiocarbanilide, which, when heated with water, gives phenylthio- 
carbimide and acetanilide: 

NAcPh-CS-NHPh —> PhNCS+NHAcPh 

(Dixon and Taylor, T., 1912, 101, 2517). ab-Acetylallylthio- 
carbamide (Dixon and Taylor, T., 1908, 93, 23) and benzoylthio- 
carbanilide (Dixon and Taylor, T., 1912, 101, 2512) undergo 
similar changes. This class of decomposition seems, therefore, to 
be general in the case of compounds of this class, represented by 
the formule NPhAcyl-CS-NHR. 

The constitution NAcPh-CS‘NH-NHPh may, therefore, be 
assigned to the substance melting at 161°. It follows that the 
isomeride melting at 133° must have the constitution 

NHPh-CS-NPh-NHAc, 
and this agrees with the conclusion arrived at by Vahle, on account 
of its formation from phenylthiocarbimide and acetylphenyl- 
hydrazine, 
PhNCS + NHPh-NHAc=NHPh-CS-NPh-NHAc. 

For reasons given above, the form NAcPh:CS-NPh-NH, has been 
left out of consideration, but it may be noted that the substance 
melting at 161° did not form a compound with nitrous acid or 
benzaldehyde, nor did it undergo any internal rearrangement 
when heated alone or with alcohol, as a compound of this constitu- 
tion would probably have done. It is clear, also, that the intro- 
duction of the acetyl group must precede the molecular rearrange- 
ment, as it was not found possible to introduce directly an acetyl 
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group into the a-position in the stable thiosemicarbazide molecule. 
The various methods of formation of the tied tipeimmaannanl 
carbazides may be represented by the following scheme: 
NHPh:CS: N Ph: NH, NHPh-CS-NH-NHPh | 
| 


v 
| NHPh-CSAcCl‘NH-NHPh | 


| 
Y 


Y 
\ NHPh: CS-NAc-NHPh NHPh-CS-NH:NAcPh 
| ! ‘ 
Y N Y + 1) 
NAcPh-CS-N Ph-NH, NHPh:‘CS:-NPh-NHAc Anhydride 
A 
PhNCS + NHPh:NHAc PhNCS + NAcPh:NH, 


Od 


NAcPh-US:NH-NHPh 


Ill. Acetylthivcarbimide and Hydrazobenzene, a-Acetyl-be- 
diphenylthiosemicarbazide. 


To 10 grams of finely powdered hydrazobenzene dissolved in 
25 c.c. of hot benzene, a slight excess of acetylthiocarbimide dis- 
solved in 20 c.c. of benzene was added. Heat was evolved, and 
before all the acetylthiocarbimide was added, a yellowish, crystal- 
line substance began to separate. This was collected and recrystal- 
lised from glacial acetic acid. It formed colourless crystals, melt- 
ing at 272°5°, which were desulphurised by heating with an 
ammoniacal solution of silver nitrate, but not by an alkaline lead 
solution, and were very sparingly soluble in alcohol or benzene. 
Some of the solid was heated until it melted and effervesced. The 
cooled residue was then boiled with water, the liquid decanted 
and tested with ferric chloride, with which it gave a blood-red 
colour, not bleached by hydrochloric acid, denoting the presence 
of thiocyanic acid. ° 

The decomposition probably takes place in stages, acetylthio- 
carbimide being formed by the fusion, and decomposed by the 
boiling water into acetic acid and thiocyanic acid: 

0°2246 gave 31°6 c.c. Ny at 19°3° and 749 mm. N=15°53. 

C,;H,;,ON,S requires N=15°77 per cent. 

The method of preparation, and its decomposition on heating, 
indicate that this substance is the a-acetyl-be-diphenylthiosemi- 
carbazide : 

AcNCS: + NHPh-NHPh = NHAc:CS:NPh-NHPh. 
This work is being continued. 
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CXXV.—WNitro-derivatives of Dinaphthathioxin. 


By BrosenpranatH Guosn and SAMUEL SMILEs. 


In continuing previous work with dinaphthathioxin and _ iso- 
dinaphthathioxin, it was found necessary to make a comparison of 
the nitro-derivatives of these substances. Under moderate condi- 
tions of nitration, either dinaphthathioxin yields the dinitro- 
derivative of the oxide; but the character of the product obtained 
in either case was indefinite, and purification was attended with 
considerable difficulty. Since it is usually found that the thio- 
derivative has more definite physical character than the corre- 
sponding thionyl compound, it appeared desirable to obtain some 
means of converting these dinitro-oxides into the thio-derivatives. 
The process involves the selective reduction of the thionyl group 
in the presence of the nitro-group, and in these cases it may be 
effected by reaction of the substance with hydrogen chloride or 
similar reagents. 

Previous experiments with many different types of aromatic 
sulphoxide have shown that these substances may react with 
hydrogen chloride in different ways, according to their character. 
With many sulphoxides, the first product of the interaction that 
can be isolated is a substance of quinonoid character, and the best 
illustrations of this behaviour are found in substances in which 
the thionyl group is present as a member of a cyclic system, as in 
the o-sulphoxides of diphenylamine and diphenylmethane (T., 
1909, 95, 1265; 1911, 99, 145). There is also good reason for 
assuming the formation of these quinonoid derivatives from 
sulphoxides of a simple aromatic type, such as the p-acetylamino- 
phenylmethyl sulphoxide, which has been investigated by Zincke 
(Ber., 1909, 42, 3362). 


-SO -S- 
OH Nu Co, > OH,<Q OH, —> 0,8,c1KGS>>0,4, 
(L.) (II.) (III. ) 
CH,"S0-U,H,NHAc —> CH,-SCI0,H,:NAc —> 
(IV.) (V.) 
CH,8-C,H,Cl*NHAc 
(VI.) 
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The ultimate fate in the reaction of this product of quinonoid 
type (for example, II or V) depends, not only on the intensity of 
the conditions adopted, but also on the nature of the further sub- , 
stituents which may be present in the aromatic nucleus. In the 
cases given in illustration, chloro-derivatives (for example, III and 
VI) are formed by prolonged or intensified action of the halogen 
acid (T., 1910, 97, 1112, 1560), but the nitro-naphthathioxins now 
described serve to illustrate the abnormal course which may be 
taken by this reaction if substituents like the nitro-group are 
present. 

It has been formerly shown (T., 1913, 103, 901; 1914, 105, 
1739) that, by reaction with mineral acid, the oxide of dinaphtha- 
thioxin yields the thioxonium salt, and that this, behaving in the 
normal fashion, ultimately yields the chloro-dinaphthathioxin. 


NOCH, <OO>C,oU,-NO, —> NOyCyyH<og,>CioHs"NO, > 
(VIL) (VIIL.) 
S 
NO, C,H <p >CioHs"NO,. 
(IX.) 


Attempts to isolate the quinonoid salts of the nitro-derivatives 
of this oxide from the reaction with hydrogen chloride have not 
been successful, and the existence of these substances (for example, 
VIII) must therefore, for the present, be left in doubt; but the 
intensified action of hydrogen chloride may lead to either of two 
results: partial displacement of the nitro-groups by halogen, or 
mere liberation of that element when the dinitro-dinaphthathioxin 
(IX) is formed. Under the usual conditions, these two phases are 
apt to occur simultaneously, but the former may be eliminated by 
adding to the reacting mixture some substance, such as phenol, 
which is very easily attacked by the free halogen. The action 
which then predominates may be represented by the foregoing 
formule (VII, VIII, and IX). It may be added that this type of 
interaction has been observed with simpler nitro-sulphoxides of 
the aromatic series, for example, dinitro-pcresol sulphoxide (T., 
1910, 97, 2251) when heated with an alcoholic solution of hydrogen 
chloride yields the corresponding sulphide. 


(NO,°C,H,Me-OH),SO “SS (NO,-C,H,Me-OH),S. 


Finally, it may be pointed out that with some aromatic sulph- 
oxides, reaction with hot hydrogen chloride may lead to a rupture 
of the union between the sulphur group and the aromatic nucleus 
when chloro-derivatives of the latter are formed; thus, o-chloro- 
phenol sulphoxide has yielded dichlorophenol (T., 1910, 97, 2253). 


GHOSH AND SMILES: 


ExPERIMENTAL. 
Chloronitrodinaphthathioxin Oxide, C,pH,C-<S9>0,,H,-NO, 


Chloronitrodinaphthathioxin (T., 1914, 105, 1748) was tritu- 
rated with an excess of concentrated nitric acid (D 1°42). Oxida- 
tion took place slowly, and the course of the reaction was recog- 
nised by the gradual conversion of the orange-red sulphide into 
the yellow oxide. When this change was complete, the mixture was 
added to a large bulk of water, the precipitate being collected and 
thoroughly washed until free from acid. The material was finally 
dissolved in a hot mixture of pyridine and alcohol, which, on cool- 
ing, deposited small, yellow prisms of chloronitrodinaphthathioxin 
oxide, melting and decomposing at 268°: 

0°1464 gave 0°3254 CO, and 0°0304 H,O. C=606; H=2°5. 

Cyop)H,pO,NCIS requires C=60°76; H=2°54 per cent. 

Reduction with Acetyl Chloride—The oxide was boiled for one 
hour with an excess of acetyl chloride to which a small quantity 
of phenyl acetate had been added. After the cooled mixture had 
been treated with water, the solid material which separated was 
collected and recrystallised from pyridine. The purified product 
was recognised as chloronitrodinaphthathioxin by means of com- 
parison with material from another source. The yield of crude 
material was almost theoretical. 


Dinitrodinaphthathioxin Oxide, NO,?CH,<SO>C,)U,"NOy. 


Five grams of dinaphthathioxin were suspended in a cold mix- 
ture of 20 c.c. of glacial acetic acid and 10 c.c. of nitric acid 
(D 1°42); 20 c.c. of concentrated sulphuric acid were then slowly 
added, the mixture being stirred and thoroughly cooled. When 
all the sulphuric acid had been added, the solid material had dis- 
solved ; the solution was then kept for one hour at the ordinary 
temperature. The precipitate subsequently obtained by the addi- 
tion of water was collected and washed until free from acid. The 
crude oxide obtained in this manner was readily soluble in pyri- 
dine and insoluble in alcohol. On cooling a solution in a hot mix- 
ture of these solvents, the substance was deposited in ill-defined, 
yellow crystals, but these decomposed at temperatures which 
varied according to the conditions of heating. 
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Dinitrodinaphthathioxin, NO,*C,H,<o>0,Hs'NOy 


This substance was obtained by reduction of the oxide under the 
conditions described in a foregoing paragraph dealing with the 
chloronitro-derivative. After treatment of the reacting mixture 
with cold water, a current of steam was passed through the liquid, 
and the solid material was finally collected. The product was 
purified by recrystallisation from hot pyridine, which deposited 
dinitrodinaphthathioxin in bright orange prisms. The substance 
did not contain chlorine; it melted somewhat above 300°: 

071018 gave 0°2304 CO, and 0°0256 H,O. C=615; H=2°7. 

02156 ,, 14 cc. Ny at 21° and 764 mm. N=7°4. 

Cy9HyO,N.S requires C=61°54; H=2°56; N=7°18 per cent. 


Dinitroisodinaphthathiozin oxide, NOgCH,<S0>C,H,"NO,, 


was obtained by nitration of isodinaphthathioxin under the con- 
ditions already described in the case of dinaphthathioxin. The 
physical character of the substance was similar to that of the 
isomeride, and after repeated efforts the purification of the sub- 
stance was abandoned. 

Dinitroisodinaphthathioxin was obtained from this substance 
by reduction with acetyl chloride in the usual manner. The pro- 
duct was more readily soluble in pyridine than the isomeride, and 
it was purified by recrystallisation from a mixture of this solvent 
with alcohol. The substance was obtained in bright orange prisms, 
which melted at 274—275°. The compound is different from the 
dinitrodinaphthathioxin described in a foregoing paragraph, and 
a mixture of the isomerides melted indefinitely at a lower tempera- 
ture than either taken independently: 


0°1032 gave 0°2330 CO, and 0°0250 H,O. C=615; H=2°7. 
01301 ,, 84 .c.c. Ny at 20° and 764mm. N=7°4. 
CoH jpO,N.S requires C=61'54; H=2°56; N=7'18 per cent. 


Nitroacetoxydinaphthathioxin, NO,°C,,H; 5 >CwH, "OAc. 


Five grams of mononitronaphthasulphonium-quinone (T., 1914, 
105, 1746) were suspended in 50 c.c. of acetic anhydride in which 
1 gram of camphorsulphonic acid had been dissolved. The mix- 
ture was heated on the water-bath until the quinone had com- 
pletely dissolved. On keeping the solution at this temperature for 
a few minutes, the required substance began to separate from the 
mixture. The solid material was separated from the cold liquid 
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and recrystallised from pyridine, whereby nitroacetoxynaphtha- 
thioxin was obtained in long red needles, which melted at 
245—246° : 
0°1290 gave 0°3094 CO, and 0°0404 H,O. C=65°4; H=3°48. 
0°2568 ,, 77 cc. Ny at 21° and 764 mm. N=3°4. 
C..H,,0;NS requires C=65°5; H=3°25; N=3°47 per cent. 
Experiments were made with the view of obtaining the oxide 
of this substance, but without success. It is very slowly attacked 
by hydrogen dioxide in glacial acetic acid, and by nitric acid it is 
converted into a mixture of the oxide and products of further 
nitration, which is not easily resolved into the pure components. 


Untversity COLLEGE, 
LONDON. (Received, June 24th, 1915.] 


OXXVI.—The Resolution of Externally Compensated 
Tetrahydro-B-naphthaquinaldine into its Optically 
Active Components. 

By Cuartes StanLtey Gipson and JoHun LIoneL SIMONSEN. 


Some time ago Professor W. J. Pope suggested to one of us that it 
would be well to undertake the stereochemical investigation of the 
reduced naphthaquinaldines, as it appeared that these compounds 
would yield easily crystallisable salts, and that their resolution 
might be of interest. 

Pope and Read (T., 1910, 97, 987) have pointed out that three 
kinds of behaviour must be distinguished when an externally com- 
pensated base (or acid) is crystallised with an optically active acid 
(or base), and that in the first case when the two salts dAdB and 
/AdB (or dAdB and dAIB) crystallise separately with no tendency 
to form solid solutions one in the other, the resolution by crystal- 
lisation or by Pope and Peachey’s method proceeds with compara- 
tive ease. Thus, Pope and Peachey (T., 1893, 78, 893) found that 
on crystallising Goldschmiedt’s “tetrahydropapaverine” or pavine 
(Pyman, T., 1909, 95, 1610) with da-bromocamphor-z-sulphonic 
acid, the salt /BdA separated in crystalline needles mechanically 
admixed with the gummy salt dBdA; and in applying the equili- 
brium method to the resolution of the same compound, Pope and 
Gibson (T., 1910, 97, 2207) found that pavine is resolved with 
great ease. 

In the present example, Pope and Peachey’s equilibrium method 
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has been applied under slightly varying conditions. In the first 
experiment, two equivalents of the dl-tetrahydro-8-naphthaquin- 
aldine were treated with one equivalent each of hydrochloric acid 
and ammonium d-a-bromocamphor-z-sulphonate, and in the second 
experiment sulphuric acid was substituted for hydrochloric acid. 
The object was to isolate what was eventually found to be the 
dAGB salt in a pure state, and then to obtain the hydrochloride 
of the /-base pure by fractional crystallisation. This was found 
to be an unsatisfactory method, but it was proved that the resolu- 
tion of the base can be accomplished in either of the above ways. 
In the third experiment two equivalents of the base were treated 
in an excess of sulphuric acid solution, in which it is soluble, with 
one equivalent of ammonium d-a-bromocamphor-z-sulphonate, It 
was hoped that the dAdB salt would then crystallise out in an 
almost pure state, leaving the crude /-base dissolved in excess of 
sulphuric acid. It was soon found that the precipitated salt 
consisted of a mechanical mixture of crystals of the dAdB salt 
and the dA/B salt, which had different crystalline forms. Although 
fractional crystallisation was successful in yielding the dAdB salt 
pure, we could not succeed in obtaining the pure dA/B salt by 
this method. We obtained the /A/B salt by using ammonium 
l-a-bromocamphor-z-sulphonate in the second part of the third 
experiment, and this was again proved to contain crystals of the 
/AdB salt. The dA/B salt was then prepared indirectly from the 
/AIB salt and d-acid, and it was found, as was expected, to crystal- 
lise well, and to be only slightly more soluble than either the dAdB 
salt or the /A/B salt. It is thus seen that whilst the application of 
the equilibrium method to the resolution of dl-tetrahydro-8-naphtha- 
quinaldine leads to a successful resolution of the base, large quan- 
tities of the pure salts could not be obtained, as the two salts 
dAdB and dA/B (or JA/B and /AdB) are crystalline in the 
presence of each other, and possess only slightly differing solu- 
bilities. 

Since Pope and Read (T., 1909, 95, 171; 1913, 108, 444) have 
conclusively shown that hydroxymethylenecamphor may be 
employed in the resolution of externally compensated primary and 
secondary amines, experiments on the resolution of dl-tetrahydro- 
8-naphthaquinaldine by this method were carried out. d-Hydroxy- 
methylenecamphor was condensed with the inactive base, and the 
product, which crystallised readily, was submitted to long frac- 
tionation. No trace of a resolution could be detected, and only 
one condensation product, namely, dl-tetrahydro-8-naphthaquin- 
aldino-d-methylenecamphor was obtained. The hydrobromide 
obtained from the first fraction of the condensation product was 
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inactive. Obviously, although an externally compensated primary 
or secondary amine is theoretically capable of yielding two con- 
densation products with d-(or J-)hydroxymethylenecamphor, it 
appears possible that one partly racemic condensation product may 
be formed, and the resolution of the base by this method is then 
impossible. From the present work it may be pointed out that 
although d-(or l-)hydroxymethylenecamphor may only yield one 
condensation product with a particular primary or secondary amine, 
since the product may be partly racemic, it by no means follows 
that the base in question is not externally compensated. It is not 
unlikely that Kipping and Salway’s (T., 1904, 85, 438) method for 
distinguishing between externally compensated and _ potentially 
inactive primary and secondary amines may have a similar limita- 
tion. 


EXPERIMENTAL. 
NH-CHMe, 


dl-Tetrahydro-B-naphthaquinaldine, Colon On 
g Wats 


This compound was prepared according to the description of 
Doebner and v. Miller (Ber., 1884, 17, 1711), who obtained 
B-naphthaquinaldine, and Bamberger and Miiller (Ber., 1891, 24, 
2646), who obtained the reduced base. We found that the base is an 
almost colourless oil, boiling at 215—216°/15 mm. and 205—207°/ 
5 mm. It possesses a remarkable blue fluorescence, which is best 
observed in benzene or alcoholic solution. On crystallising twice 
from methyl alcohol, it was obtained in massive, colourless prisms, 
melting at 49-—50°, and the same melting point was obtained with a 
specimen liberated from the three times recrystallised hydrochloride ; 
the above authors give 51—52° (Found, C=85°0; H=7°9. Calc., 
C=85°3; H=7°6 per cent.). The platinichloride compound was 
obtained in minute, orange-red crystals, which decomposed at a 
high temperature without melting (Found, Pt=24°55. Calc., 
Pt = 24°27 per cent.). 


dl-7'etrahydro-B-naphthaquinaldine Picrate, 
C,H,,N,C,H,(OH)(NO,);,2H,0. 


This compound, which does not appear to have been previously 
prepared, separated on mixing alcoholic solutions of equivalent 
quantities of the base and the acid. It was crystallised from dilute 
alcohol, and obtained in glistening, yellow needles containing two 
molecules of water of crystallisation. It melts at 100—101°: 

0°1796 gave 0°3443 CO, and 0°0784 H,O. C=52°3; H=4°8. 

CygH,,0,N,,2H,O requires C=51'°9; H=4'8 per cent. 


. 
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Resolution of dl-Tetrahydro-B-naphthaquinaldine. 


In the first experiment two equivalents (36 grams) of the hydro- 
chloride of the base were treated with one equivalent (25°3 grams) 
of ammonium d-a-bromocamphor-z-sulphonate, and the whole 
brought into solution with 200 c.c. of boiling aqueous alcohol. A 
precipitate quickly fornied, and this, after being collected and dried, 
weighed 50 grams. This was recrystallised from aqueous alcohol 
until its rotatory power was constant. Four crystallisations were 
necessary, and the values of the specific rotatory powers obtained 
in ethyl alcoholic solutions were [a] +93°1°, +104°3°, +119°6°, 
+133°7°, for the mercury-green line. The benzoyl derivative 
prepared from the pure salt had [a];4¢; —590°6° in ethyl-alcoholic 
solution. The mother liquor obtained from the separation of the 
d-acid salt was treated with sodium hydroxide, and the free base 
extracted with benzene. That was then converted into its hydro- 
chloride, and this submitted to fractional crystallisation from 
alcohol. The most insoluble fraction was obtained in colourless 
plates, and had |a];4,,; —116°5° in ethyl alcohol. It wasidentified as 
the platinichloride derivative (Found, Pt=24°1. Calc., Pt=24°3 
per cent.). This hydrochloride was converted into the benzoyl 
derivative, which had [a];4¢, +587°6° in ethyl alcohol. It thus 
appears that the base was resolved by this method, but the method 
could not be considered satisfactory, as only small quantities of 
the pure optically active salts were obtained. 

In the second experiment two equivalents (31 grams) of the base 
were treated with one equivalent (25°4 grams) of d-a-bromocamphor- 
m-sulphonic acid and one equivalent (3°8 grams) of sulphuric acid. 
On boiling with 600 c.c. of aqueous alcohol a reddish-brown oil 
separated, which crystallised on cooling. This substance was the 
most insoluble, and it was separated at once. After being once 
recrystallised from aqueous alcohol, it showed [a];s,; +131°1° in 
ethyl alcohol, and when treated with benzoyl chloride and sodium 
hydroxide gave a benzoyl derivative, which had [a];,¢, —594°0° in 
ethyl alcohol. The mother liquor yielded further quantities of the 
salt, which after three crystallisations had [a];44, + 134°5° in the 
same solvent. The mother liquors remaining were mixed, evapor- 
ated to small bulk, treated with baryta, and the base extracted 
with benzene. It was then noticed that a considerable quantity 
of d-a-bromocamphor-z-sulphonic acid was recovered as barium salt. 
The base was obtained from its benzene solution as hydrochloride, 
and this was submitted to fractional crystallisation from alcohol. 
After two crystallisations the hydrochloride in ethyl alcohol had 
[@|;4¢) —44°1°, a value considerably less than that obtained in the 
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first experiment. It was, however, converted into the benzoyl 
derivative, and this compound after three crystallisations from 
ethyl alcohol had |a]};4¢; +572°0° in that solvent. This method of 
resolution, although successful, could not be considered satisfac- 
tory for the same reason as the above. The later fractions of the 
d-a-bromocamphor-z-sulphonate were always mixtures, but the 
possibility of separating easily a considerable quantity of the fairly 
pure d-a-bromocamphor-z-sulphonate as shown above indicated the 
conditions of the method finally adopted. 

In the third experiment two equivalents (40 grams) of the base 
were dissolved in one and a-half equivalents (16°2 grams) of 
2N-sulphuric acid; the base remained dissolved while the solution 
was hot. To the boiling solution was added one equivalent 
(33 grams) of ammonium d-a-bromocamphor-z-sulphonate, when an 
oil separated, which quickly crystallised on stirring. On fractional 
crystallisation the salt yielded seven fractions of specific rotatory 
powers varying from [a] + 134°7° to +54°0° for the mercury-green 
line. The filtrate from the separation of the d-acid salt was treated 
with sodium hydroxide, and the base extracted with benzene. The 
benzene extract was well washed with water, dried with potassium 
hydroxide, filtered, and then shaken with 8°2 grams of sulphuric 
acid in 2N-solution, and the benzene separated. There was no 
precipitate. The sulphuric acid solution was heated almost to 
boiling, and a boiling aqueous solution of 28 grams of ammonium 
l-a-bromocamphor-z-sulphonate added. A bulky precipitate imme- 
diately formed, which after drying corresponded exactly with the 
theoretical amount of the salt expected, using the above weight of 
the ammonium levo-salt. This salt was submitted to careful 
fractionation from aqueous alcohol, when nine fractions were 
obtained, having specific rotatory powers in ethyl-alcoholic 
solution varying from [a] —134°6° to —70°8° for the mercury-green 
line. 

The pure salts obtained having been proved to be dAdB and 
1AIB, and the pure dA/B salt having been indirectly prepared, the 
nature of the further fractions was examined. They did not 
contain any sulphate, and those obtained in the separation of the 
dAdB salt were found to consist of crystals (plates) of the salt 
dAdB mixed with crystals (needles) of the dA/B salt, whilst those 
obtained in the separation of the /A/B salt consisted of crystals of 
the /A/B salt (plates) and /AdB salt (needles). The crystals could 
not be successfully sorted by hand, as they adhere to each other. 

The rotatory powers of the fractions rapidly decreased in succes- 
sive fractions as more and more of the salt dAJB (or /AdB) of 
low rotatory power accumulated in them until the lower fractions 
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contained more of this salt than of the dAdB salt (or /A/B salt). 
Thus in the separation of the dAdB salt of fraction (6): 
0°1486, made up to 30°0 c.c. with alcohol and examined in a 
4-dem. tube at 29—30°, gave as4g, + 1°07°, [a}syg, + 54°0°, 
| MJs461 +274°3°. The molecular rotatory power of the 
dAdB salt is [M];4g,; +683°8°, and of the dAIB salt is 
| MJss¢, + 104°6° under the same conditions. 

A further quantity was weighed, ground carefully with sodium 
hydroxide, extracted with benzene, the benzene extract thoroughly 
washed with water, dried with potassium hydroxide, and after 
filtering made up to 30°0 c.c.: 

0°3963, treated as described, and the benzene solution obtained 

examined in a 4-dem. tube at 29—30°, gave (for the base) 
546, —1°78°, [a]ss¢, —86°9°, [M]s4¢, — 171°2°. 
The molecular rotatory power of the pure base in benzene is 
|M|;4¢, + 309°3°. Obviously, fraction (6) obtained in the separation 
of the dAdB salt contained an excess of the dA/B salt. 
In a similar manner fraction (8), obtained in the separation of 
the /A/B salt, was examined : 
0°2162, made up to 30°0 c.c. with alcohol, gave, in a 4-dem. tube 
at 29—30°, as4g, —2°04°, [a]5g, —70°6°, [M]54¢, —358°6°. 

0°4627 of the same fraction, treated with sodium hydroxide and 
benzene as above, gave Gs, +0°57°, [a]syg, + 23°82°, 
[M]s61 + 46°9°. 

On comparing these figures with those given above it is again 
seen that fraction (8) obtained in the separation of the JA/B salt 
contained an excess of the /AdB salt, and from its rotatory power 
we find, as could be expected, that the rotation of the base is of 
the opposite sign, but not so large as that obtained from fraction (6) 
of the dAdB salt, which has a lower (and opposite) rotation. 

Knowing the rotatory powers of the pure salts dAJB, dAdB, 
and JA/B, and also of the pure base, it will seem possible to 
calculate the percentage composition of the salt mixtures just 
described, and then to verify the rotatory powers of the salt 
mixtures observed. Since, however, the arithmetical law only 
applies to the salts when completely ionised, and also since the 
above salt mixtures may be contaminated with traces of the 
oxidised base, it is not considered advisable to make any deductions 
from the results of such calculations. At the same time, it is 
obvious that the above observations show the course taken by 
the resolution. 
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d-Tetrahydro-B-naphthaquinaldine d-a-Bromocamphor- 


As shown above, this salt is obtained in all the three methods of 
resolution. It is very sparingly soluble in water, and the salt 
undergoes noticeable hydrolysis. It is more readily soluble in 
alcohol, and crystallises from aqueous alcohol in colourless, thin 
plates. In solution the salt is strongly fluorescent. The substance 
begins to decompose at 233°, and melts completely at 240°: 

0°1341 gave 0°2756 CO, and 0°0677 H,O. C=56'0; H=5°6. 

0°1109 ,, 0°2282 CO, ,, 0°0584 H,O. C=56'1; H=5'8. 

C,,HyO,NBrS requires C=56°69; H=5°90 per cent. 

The following rotatory-power determinations of the different 
specimens prepared were made in absolute ethyl-alcoholic solution 
at 29—30° in a 4-dem. tube: 

0°1577 gave as4g, + 2°83°, [a}si¢, + 134°6°, [M]54¢, + 683°8°. 

071389 ,, @s4g, + 2°49°, [@]gg, + 134°5°, [M 54g) + 683°3°. 

O°1531) ,, 54g, +2°75°, [@]54g) + 134°7°, | M] 54g, + 684°3°. 


1-Tetrahydro-B-na phthaquinaldine-l-a-bromocamphor- 
m-sulphonate, C,,H,,N,C,>)H,,OBr-SO,H. 


As already explained, this salt was obtained from the mother 
liquor obtained in the third experiment after separating the dAdB 
salt mixtures, and treating this with sodium hydroxide, extracting 
the base with benzene, washing the benzene extract thoroughly 
with water, drying, filtering, and treating with an excess of 
sulphuric acid in 2N-solution. After separating the benzene, the 
sulphuric acid solution was heated to boiling and treated with 
ammonium /-a-bromocamphor-z-sulphonate. The salt which sepa- 
rated was purified by repeated crystallisation from aqueous alcohol 
until its rotatory power was constant. It was obtained in thin, 
colourless plates, which differed in appearance and behaviour on 
being heated in no way from its enantiomorph: 

0°1630 gave 0°3372 CO, and 0°0802 H,O. C=564; H=5°5. 

C.,Hs0,NBrS requires C=56°7 ; H=5°9 per cent. 

The following rotatory-power determination was made in absolute 
ethyl-alcoholic solution at 29—30°: 

0°1572, made up to 30°0 c.c. and examined in a 4-dem. tube, gave 

G54, — 2°82°, [a@]54g, —134°5°, [M]54¢1 — 683°3°. 
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1-Tetrahydro-B-na phthaquinaldine-d-a-b romocam phor- 
m-sulphonate, C,,H,;N,C,)H,,OBr-SO,H. 


This salt was prepared by isolating the base from the /-tetra- 
hydro-8-naphthaquinaldine J-a-bromocamphor-z -sulphonate by 
means of alkali, washing this solidified base with water until free 
from any soluble substance, and treating in alcoholic solution with 
an equivalent quantity of d-a-bromocamphor-z-sulphonic acid. It 
is sparingly soluble in water, but much more readily so in ethyl 
alcohol. It was recrystallised from aqueous alcohol, and obtained 
in long, colourless needles, very different in appearance from the 
salts previously described. It shows a tendency to melt at a lower 
temperature than the above salts, but decomposition sets in, and 
melting is complete at 240°: 

0°0949 gave 0°1982 CO, and 0°0529 H,O. C=56'9; H=6°2. 

C,,H3,0,NBrS requires C=56°7; H=5°9 per cent. 

The following rotatory-power determination was made in absolute 
ethyl alcohol at 29—30°: 

0°1825, made up to 30°0 c.c. and examined in a 4-dem. tube, gave 

G46, +0°50°, [a ]545, + 20°6°, [M]54¢, + 10469. 


d- and 1-Tetrahydro-B-naphthaquinaldine, C\,H,;N. 


The d- and /-bases were obtained by grinding the pure d-tetra- 
hydro-B-naphthaquinaldine d-a-bromocamphor-z-sulphonate and the 
/tetrahydro-8-naphthaquinaldine /-a-bromocamphor-z-sulphonate 
respectively with filtered sodium hydroxide solution. The products 
easily separated as oils, which crystallised on keeping, the crystal- 
lisation being hastened by cooling the mixture in ice and salt. 
They were collected, washed with water, dried, and recrystallised 
from methyl alcohol or light petroleum. The bases are very 
readily soluble in organic solvents, and yield massive, colourless 
prisms on spontaneous evaporation of the solvent. The melting 
points of the two bases were identical, namely, 54°6°, that is, higher 
than the melting point of the racemic base (m. p. 49—50°). 


d-Tetrahydro-B-naphthaquinaldine. 


0°1234 gave 0°3489 CO, and 0°0798 H,O. C=845; H=7°2. 
C,,H,;N requires C=85°3; H=7'6 per cent. 


1-Tetrahydro-B-naphthaquinaldine. 


0°1072 gave 0°3340 CO, and 0°0709 H,O. C=85°0; H=7°4. 
0°1202 ,, 0°3767 CO, ,, 0°0835 H,O. C=85°5; H=7°7. 
C,,H,,N requires C=85°3; H=7°6 per cent. 
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The following determinations of rotatory power were made at 
29—30° in a 4-dem. tube, the substances being made up to 30°0 c.c. 


with the solvent noted. 


d-Tetrahydro-B-na phthaquinaldine. 


0°2010, in absolute ethyl alcohol, gave ass; + 2°92°, 
[a]s461 + 108°96°, [M]z46, + 214°4°. 

0°1919, in the same solvent, gave a5, + 2°79°, [a}s4g; + 109°04°, 
[M]g461 + 214°8°. 

071496, in benzene, gave ayy, +3°13°, [a}syg, + 157°0°,  [M] se) 
+ 309°3°. 


1-T'etrahydro-B-naphthaquinaldine. 


0°1942, in absolute alcohol, gave as, —2°81°, [a@]54¢, — 108°5°, 
[M]ss61 — 213°7°. 


d-Tetrahydro-B-naphthaquinaldine Platinichloride, 
(C,4H);N )oHoPtCk,. 


This compound was prepared by treating pure d-tetrahydro- 
B-naphthaquinaldine d-a-bromocamphor-z-sulphonate with platinic 


chloride. It is an orange-red, microcrystalline powder, almost 
insoluble in all organic solvents and in water. It was impossible to 
determine its rotatory power. It begins to decompose at about 
200°, and does not melt: 
0°2931 gave 0°0702 Pt. Pt=23°95. 
(C\,H,,N),.H,PtCl, requires Pt = 24°27 per cent. 


d- and 1|-Benzoyltetrahydro-B-naphthaquinaldines, C,,H,,NBz. 


Many specimens of the benzoyl derivatives of the active bases 
were obtained during the course of the work. One specimen of the 
d-benzoyl derivative was prepared from d-tetrahydro-8-naphtha- 
quinaldine d-a-bromocamphor-z-sulphonate by treating it with 
sodium hydroxide and benzoyl chloride in the usual manner. 
After crystallisation from ethyl alcohol, it was obtained in colour- 
less needles, which do not show any fluorescence in solution. It is 
moderately soluble in alcohol or acetone, and melts at 198—199°: 

0°1302 gave 0°3996 CO, and 0°0766 H,O. C=83'7; H=6°5. 

C,,H,,ON requires C=83°7 ; H=6°3 per cent. 
0°1086, made up to 30°0 c.c. with absolute ethyl alcohol, and 
examined in a 4-dcm. tube at 29—30°, gave ajs,, —8°50°, 
[@]54¢1 —587°0°, [M]s4g, — 1767-09. 
It is unnecessary to detail all the preparations of the benzoyl 
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derivatives, and it will now suffice to quote the preparation of the 
l-benzoyl derivative made from the hydrochloride of the base 
obtained from the mother liquors after the separation of d-tetra- 
hydro-B-naphthaquinaldine d-a-bromocamphor-m-sulphonate in the 
first resolution experiment. The hydrochloride having [a]; 
—116°5° in ethyl-alcoholic solution was treated as usual with sodium 
hydroxide and benzoyl chloride, and the product after recrystal- 
lisation from ethyl alcohol was obtained in colourless needles identi- 
cal in appearance and general properties with the d-benzoyl 
derivative. It melted at 198—199°: 
0°1115 gave 0°3404 CO, and 0°0608 H,O. C=83°3; H=6'l1. 
C,,H,ON requires C=83°7 ; H=6°3 per cent. 
0°1053, made up to 30°0 c.c. with absolute ethyl alcohol and 
examined in a 4-dem. tube at 29—30°, gave ayy, + 8°25°, 
[a]54¢1 + 587°6°, [M]q46) + 1768°7°. 


It is thus seen that the value of the rotation of the benzoyl 
derivative is considerable, and opposite in sign to that of the 
optically active base from which it is prepared ; it is interesting to 
note that the same kind of change of sign of rotation is observed 
on benzoylating other optically active bases, many of which are 
quinaldines, for example, tetrahydroquinaldine (Pope and Peachey, 
T., 1899, 75, 1066), tetrahydro-p-toluquinaldine (Pope and Rich, 
T., 1899, 75, 1093), the 2: 4-dimethyltetrahydroquinolines (Thomas, 
T., 1912, 101, 725), and bornylamine (Forster, T., 1898, 73, 
386). 


dl-Tetrahydro-B-naphthaquinaldino-d-methylenecam phor, 
C,H, 


:CH-N’ 08H, 
CHi<to | GHMe-CH, 


d-Hydroxymethylenecamphor was prepared from d-camphor 
according to the description given by Bishop, Claisen, and Sinclair 
(Annalen, 1894, 281, 331). The condensation of this compound 
with dl-tetrahydro-8-naphthaquinaldine was carried out by mixing 
7-5 grams of the former with 8°1 grams of the base in the presence 
of acetic acid. The mixture was heated for half an hour on the 
water-bath, when an almost quantitative amount of the crystallised 
product was obtained. Rather more than 15 grams of the product 
were prepared in two experiments. The compound, which is very 
easily obtained crystalline during its preparation, was recrystal- 
lised from alcohol, and formed thin, colourless plates, which do 
not show any fluorescence in solution. It melts at 182—183° It 
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is sparingly soluble in cold alcohol, but dissolves fairly readily in 
the hot solvent. It is readily soluble in benzene or acetic acid, but 
less readily so in acetal: 

0°1113 gave 0°3401 CO, and 0°0842 H,O. C=83°3; H=8'4. 

C,;HogON requires C=83°6; H=8'1 per cent. 

The compound was submitted to most careful fractional crystal- 
lisation from alcohol, when from 15°3 grams four fractions, the 
total weight of which was 15°0 grams, were obtained, and they each 
had the same melting point. 

The following rotatory determinations were made by making up 
the dissolved substance with absolute ethyl alcohol to 30°0 c.c. 
and examining the solution in a 4-dem. tube at 29—30°: 

Fraction (1), 0°1532 gave ag, +8°43°, [@]ss¢, + 412°7°, 

[M]5461 + 1481°69. 
Fraction (3), 0°1492 gave az4g, + 8°22°, [a@]eyg, +413°2°, 
[M];4¢1 + 1483°4°. 

These rotatory powers show that no resolution has taken place. 
The substance did not exhibit any mutarotation, showing no altera- 
tion after forty-six hours. 

No alteration having been effected in the melting point and 
rotatory powers by further fractionation from acetone and from 
benzene it was concluded that the substance is partly racemic. The 
following further determinations of the rotatory powers were made 
by making up the substance at 29—30° to 30°0 c.c. with the. solvent 
noted and examining in a 4-dem. tube: 

0°1544, in benzene, gave a5, + 7°23°, [a]syg, + 351°2°, 

[M];4¢1 + 1260°6°. 

No mutarotation was observed during a space of twenty-four 
hours: 

0°1562, in glacial acetic acid, gave the following values for a: 

after forty-five minutes, a +9°02°; after fifty-five minutes, 
a+891°; after sixty-five minutes, a +8°84°; after eighty 
minutes, a+8°73°; after ninety-five minutes, a +8°71°; 
after one hundred and eighty-five minutes, a8°65°; after 
twenty-four hours, a8°65°, for the mercury-green line. 
Hence the constant values are as4g, + 8°65°, | a];4¢) 415°3°, 
[M]s4¢1 + 1491-09. 

It is interesting to note that whilst the substance now described 
exhibits no mutarotation in benzene and in alcohol solution, it 
shows a mutarotation to a minimum value in acetic acid. /-Hydroxy- 
hydrindamino-d-methylenecamphor, on the other hand (Pope and 
Read, T., 1913, 108, 448), exhibits mutarotation in benzene, 
alcohol, and in glacial acetic acid solutions; in the two former the 
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mutarotation is to a maximum, and in the last-named solvent it 
is to be a minimum value. 


dl-T'etrahydro-B-naphthaquinaldine Hydrobromide, C,,H,,N,HBr. 


This salt was obtained by the action of bromine and alcohol on 
dltetrahydro-B-naphthaquinaldino-d-methylenecamphor according 
to the method described by Pope and Read (Joc. cit., p. 445). On 
keeping, the hydrobromide slowly crystallises out, and the filtrate 
when evaporated yields a brown, pasty mass of d-bromo-oxy- 
methylenecamphor, which has already been investigated by Pope 
and Read. Four grams of the first fraction of dl-tetrahydro- 
8-naphthaquinaldino-d-methylenecamphor yielded 2°2 grams of the 
purified hydrobromide (theoretical=2°9 grams). The salt was 
recrystallised from aqueous alcohol and from ethyl acetate: 

0°1482 gave 0°1011 AgBr. Br=29°0. 

C,,H,;N,HBr requires Br=28°8 per cent. 

It resembles the hydrochloride of the inactive base in solubility 
and in appearance. Its solutions are also fluorescent. It does not 
melt at 245°. On polarimetric observation in alcoholic solution it 
was found to be optically inactive. 

Thus, there is no doubt that dl-tetrahydro-8-naphthaquinaldine 
has not been resolved by means of d-hydroxymethylenecamphor, 


and further experiments are in progress to determine how far the 
formation of such partly racemic compounds such as is described 
above is common; and, in cases where the externally compensated 
base can be resolved by crystallisation of its salts, a comparison of 
the partly racemic compound with the compound of the resolved 
base will be made. 
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CXXVIIL—The Properties of Cold-worked Metals. 
Part II. Methods of Measuring Small Changes 
of Density produced by Annealing. 


By RecinaLp Georce Parker and THomas Martin Lowry. 


Tue small changes of density which are produced by annealing 
may be detected and measured (1) by measuring the changes of 
density directly, either with a pyknometer or by suspension in 
water, or (2) by recording the changes of volume with the help of 
a dilatometer. Each of these methods has its advantages and its 
limitations. With the pyknometer it is possible to measure the 
whole change of density produced by annealing for a given period 
at a given temperature, but when the changes of density are small 
it is difficult to detect them with certainty, and the work becomes 
troublesome and tedious on account of the necessity of confirming 
the results by duplicate and triplicate observations ; this is specially 
true when it is desired to follow the changes of density produced 
by progressive annealing, either at constant temperature or at 
temperatures increasing step by step until the metal is completely 
annealed. The dilatometer, on the other hand, is specially suitable 
for following the course of the annealing at constant temperatures, 
and under proper conditions can be used to detect with certainty 
very small changes of density or volume ; but in every case a certain 
proportion of the change of volume escapes from notice during the 
period in which the dilatometer is assuming a constant tempera- 
ture, and very severe restrictions are imposed by the necessity for 
avoiding changes of volume due to the decomposition of the liquid 
used to fill the dilatometers or to the liberation of gas from the 
metal. Very great care and attention are needed to ensure success 
in either method of working, and it is for this reason that the 
present detailed description is put forward. 


A. Measurements with the Pyknometer. 


Filling Liquids.—The pyknometers used to measure the densities 
of metallic filings were small silica flasks, having a capacity of 
5—7 c.c. and a capillary neck of 1 mm. bore. They were filled 
with air-free liquid (see Fig. la), using the apparatus of Wade 
and Merriman (T., 1912, 101, 2429). On account of its small 
coefficient of expansion, water was first tried as a filling-liquid for 
the pyknometers, but it was soon abandoned (1) because of the 
chemical action of air and water on many of the metals, and 
(2) because of its high surface-tension, which caused small particles 


COLD-WORKED METALS. PART II. 1161 


of metal to float persistently on the surface. These difficulties 
did not arise when absolute alcohol was used, but its density 
was too small to render it suitable for measuring minute changes 
of volume in heavy metals. Ethylene bromide (D 2°18) can be 
purified very effectively, and gave excellent results in those cases 
in which no chemical action took place, for example, gold, and 
apparently silver, copper, cadmium, and cadmium-silver alloy; but 
it was quite useless for tin, bismuth, antimony, and, of course, zinc 
and magnesium. In these cases carbon tetrachloride (D 1°6) was 
found to be an effective substitute, since no magnesium chloride 
was formed when it was left in contact with magnesium filings for 
many weeks, whereas with ethylene bromide a mass of magnesium 
bromide was formed within a week. 

Calibration.—The flasks were calibrated by filling with water 
and weighing to 0°05 mgm., a small weighed cork being used to 
prevent evaporation during weighing ; dummy flasks were tried as 
counterpoises, but were found to be troublesome and unnecessary. 
The meniscus was adjusted to about 0°02 mm., corresponding with 
a volume of 0°00003 c.c., by observing it with a lens in front of a 
white tile, the final adjustment being made by evaporation. The 
flasks were found to settle down to the temperature of the thermo- 
stat within twenty minutes, but in practice an hour was allowed. 
The temperature-adjustment was important, as an error of 0°01° 
in a flask containing 1 c.c. of silver filings and 4 c.c. of ethylene 
bromide would alter the value for the density by about 0°0005 
gram/c.c.; a similar error would be produced by an error of 
00001 gram/c.c. in the density of the ethylene bromide; no great 
value can therefore be attached to the fourth decimals in the 
measured densities of the metals. The weighings were corrected 
for the buoyancy of the air, but the density of the air was taken 
as constant 0°0012 gram/c.c., as the most extreme fluctuations 
would only affect the measured densities of the metals by about 
0°0003 gram/c.c. 

Ignition of Flasks and Annealing of Metals.—The silica flasks had 
the advantage that their weights remained constant within 
00001 gram on every weighing when in constant use over many 
months. Moreover, no change was produced in the weight or 
capacity of the flasks by ignition. Two flasks were ignited in the 
hottest blowpipe flame for five minutes; after standing for an 
hour they were weighed and again calibrated, with the following 


results : 
Weight. Capacity. 


822 5-2189, 
822, 52190 
0000,  +0-0000, 


Before ignition ... 3-8565 45271, 5 
After ignition ... 3: 4-5272 5- 
+0: 


1 
1 
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It was therefore possible to anneal the metals in the flasks 
without introducing any error arising from alterations in the 
weight or capacity of the flask; in practice, however, it was found 
that many of the metals began to sublime when heated strongly 
in the vacuum of the Gaede mercury pump, so that when working 
at the higher temperatures it was better to anneal them in a silica 
test-tube and then to transfer to the flask for measurements of 
density. The changes of density produced by annealing at lower 
temperatures were measured by removing the filling-liquid as com- 
pletely as possible through a small capillary tube, warming slightly 
in the vacuum of the Gaede pump to remove the last traces of 
liquid, then annealing for a definite time at a known temperature 
(for example, in a bath of liquid, or vapour, or air) under a pres- 
sure of 0°03—0°1l mm., and, after cooling, again measuring the 
density of the filings. 

Density of Dental Alloy.—The following data, showing the 
change of density of the “dental alloy,’ Ag,Sn, by annealing have 
not been published previously. The bar of metal was filed slowly 
and carefully, in order to prevent the filings from annealing 
prematurely ; the temperature never exceeded 40°, and probably 
averaged about 25°. The densities were determined in triplicate, 
using ethylene bromide as the filling-liquid.. The results were as 


follows: 
Density of mass=9°8690. 


Annealing at 100°. 
Total. 


, Diff. change 
0 hrs. x 2 hrs. «10,000. 8 hrs. 
9-7799 + 9-8088 -- 9 9-8079 
9-7783 - 9-8021 +58 9-8079 
9-7733 4. 9-7991 —31 9-7960 


Mean 9-7772 9-8033 + 6 9-8039 


Annealing at 350°. 
Total 


Diff. change by 
0 hrs. x 10,000. 5 hrs. annealing. 
9-8079 +362 9-8441 -+-0-0629 


It will be seen that annealing at 100° was complete in two hours, 
but that a further and larger change of volume was produced by 
heating to 350°. Knight (T., 1914, 107, 639), measuring the 
densities to two decimals, observed an increase of 0°09 by annealing 
at 100° only. 

Density of Silver-Cadmium Alloy.—For comparison with the 
silver-tin dental alloy, measurements were made with a silver- 
cadmium alloy (containing about 70 per cent. of cadmium), as used 
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for producing a cadmium arc. The density of the mass was not 
determined as the rod was full of flaws, and could not be re-melted 
without losing cadmium. The results for the filings were as 
follows: 


Annealing at 100°. Annealing at 250°. 


~ 


— 


Total 
Diff. Diff. Diff. change by 
Ohrs. 10,000.24 hrs. 10,000. 2 hrs. 10,000. 5Shrs. annealing. 
10-0707 + 99 10-0806 + 74 10-0880 10-0871  -+-0-0164 
10-0738 +116 10-0854 + 13 10-0867 10-0860 -+0-0122 
10-0723 + 76 10-0799 +115 10-0914 10-0916  +-0-0193 


10-0723. + 97 10-0820 + 67 10-0887 10-0882 +0-0159 


The silver-cadmium alloy behaves just like the silver-tin alloy, 
but the changes of density are smaller, the total change being about 
one-quarter of that observed in the previous case. 

Density of Copper.—tin almost all the cases that we have studied, 
the filings have failed to regain the full density of the massive 
metal, even after prolonged annealing at moderate temperatures. 
This might be attributed either to cavities in the filings, or to 
some alteration of properties which can only be removed by heating 
almost to the melting point. The following data for copper (Kahl- 
baum’s electrolytic sheet) are of interest in this connexion: 


Density of Copper. 
Diff. 
Observed from 
densities. Mean. i mass. 


Massive metal 8-9159, 8-9148 8-9153 
Filings 8-8912, 8-8887 8-8900 
Annealed at 100° (14 hours) ... 8-8929, 8-8953 8-8941 
Annealed at 400° (6 hours) ... 8-8953, 8-8950 8-8952 
Acid, 4 dissolved 8-9041 
Acid, § dissolved 8-9204 


It will be seen that filing reduced the density by 250 units in the 
fourth decimal place, of which 50 were recovered by annealing, 
namely, 40 units at 100° and 10 units more at 400°; but by the 
further action of dilute nitric acid 250 units were gained, so that 
the small residue which finally remained was 50 units denser than 
the mass. If, therefore, the permanent loss of density by filing is 
due to the formation of cracks or cavities, these are near enough 
to the surface to be dissolved away, leaving a residue of the highest 
density possible.* 


* Kahlbaum gave for 0-4 mm. wire, 8-8609 (unannealed) and 8-8772 
(annealed), a difference of +163 ; our metal was of higher density throughout. 
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B. Measurements with the Dilatometer. 


The chief difficulty in using a sensitive dilatometer consists in 
maintaining the temperature sufficiently constant to prevent casual 
movements of the meniscus. This difficulty has hitherto placed an 
almost absolute veto on the use of the dilatometer at temperatures 
above 100°, except when the changes of volume are so large that a 
very coarse dilatometer can be used. In our experiments this 
difficulty has been overcome by making all the observations differ- 
entially with two dilatometers, one containing the metal and filling- 
liquid, and the other containing the liquid alone. A rough correc- 
tion for casual fluctuations of temperature is obtained by merely 
subtracting the scale-readings of the two dilatometers, but a fuller 
correction can be obtained by allowing for the unequal quantities 


SSS Ere 


7 A q ’  — — —_ —- 2? (b) 
es a a " 


of liquid in the two bulbs, and the unequal bore of the two 
capillaries. 

Filling the Dilatometers——The dilatometers were made with 
capillaries 12 in. in length and 0°15—0°18 mm. in bore; the varia- 
tions of bore amounted to 0°5 per cent. or less, and were neglected. 
The capacity of the bulbs was about 10 c.c. The carefully-cleaned 
filings were introduced at A (Fig. 1b), the capillary B being kept 
clear by passing down it a wire of 0°01 cm. diameter, or alterna- 
tively by a minute plug of paraffin wax. When about three- 
quarters full the bulb was sealed off at C, and filled with air-free 
liquid by exhausting with a Gaede mercury pump, and then allow- 
ing the liquid to enter through the capillary from the apparatus 
shown (Fig. lc). The dilatometers when filled must be kept at least 
twelve hours in order that minute air-bubbles amongst the filings 
may be absorbed ; a dilatometer heated immediately almost always 
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commences to liberate gas. Four weighings are needed to deter- 
mine the weight of metal and of liquid contained in each dilato- 
meter. 

Liquids for Filling.—The liquid with which the dilatometers are 
filled must be inert, that is, without action on the metals at the 
temperatures used in the experiments; it must not be decomposed 
by heat or by the catalytic action of the finely divided metal, and 
it must be sufficiently mobile to pass readily through the capillary 
tube ; otherwise the filling of the dilatometers becomes very tedious, 
and they are liable to burst when heated. Xylene is very mobile, 
but cannot be used much above 100°; moreover, bubbles of gas 
were liberated after heating for some hours with filings of zinc or 
magnesium at 100°. Amyl benzoate was tried as a mobile liquid 
of high boiling point (261°), but was found to act too readily on 
zine to be a suitable liquid for filling the dilatometers. Finally, 
paraffin fractionated out from commercial kerosene was found to 
be the best material available. A fraction boiling between 230° 
and 300° was heated with chromic acid until it had no action 
on potassium permanganate; it was then refractionated, and the 
portion boiling between 245° and 280° was collected and used for 
most of the experiments. A fraction of rather higher boiling point 
was used for experiments at 240° and 260°, but by the time the 
latter temperature was reached gassing took place even with the 
two metals, cobalt and silver, which had survived at 240°. A 
colourless paraffin boiling well above 300° can be purchased, but 
is far too viscous for use in a sensitive dilatometer. 

Vapour-baths.—The differential method has the great advantage 
that vapour-baths can be used to provide a sufficiently constant 
temperature for heating the dilatometers; apart from this device 
the small changes produced by annealing might easily be masked 
(or in extreme cases even reversed) by changes of temperature due 
to variations of barometric pressure. We have tried the effect of 
boiling the iiquids in an enclosed space (including a considerable 
volume ef air immersed in a thermostat) in order to maintain a 
constant pressure, but the results were disappointing, and we found 
it better to allow the liquids to boil in contact with the atmo- 
sphere. The liquids used for vapour-baths were: 

Aleohol 80°: Aniline 180°. Amyl benzoate 261°. 
Water 100°. Quinoline. 239°. 

This provided a very satisfactory series, although at the higher 
temperatures we had to make use of brazed joints and asbestos 
corks coated with varnish and cement to prevent undue leakage 
of the vapour. The dilatometers were heated in jackets capable of 
taking three or four dilatometers at a time, the bulbs being sur- 
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rounded with cotton-wool or asbestos in order to promote 
uniformity of temperature, and to prevent unduly rapid heating 
by the first contact of the vapour. Temperature-equilibrium was 
attained after about six minutes with xylene, and about fifteen 
minutes with paraffin of high boiling point in the bulbs; this period 
could be reduced somewhat by heating the capillary so as to 
diminish the viscosity of the liquid, a precaution that was abso- 
lutely necessary when using paraflin of high boiling point at the 
higher temperatures to prevent the bulb from bursting when heated 
suddenly by the hot vapour outside. After the temperature had 
become steady a meniscus was formed in each dilatometer by 
ejecting a little liquid with the help of a Bunsen burner; paper 
scales were then gummed on, and readings taken at frequent 
intervals depending on the rapidity or otherwise of the change of 
volume. 

Thermometer-effects—The thermometer action in the dilato- 
meters is very large, varying from 300 to 500 mm. per degree. This 
makes it difficult to carry on experiments beyond the limits of a 
working day, although this was frequently done in the experiments 
at 100°. Even during the course of the day the barometric pressure 
may sometimes increase so much that the meniscus rises to the top 
of the capillary, and a fresh meniscus must be formed by ejecting 
some of the liquid. If, on the other hand, the pressure falls so 
that the meniscus threatens to recede into the vapour-bath, a 
small tube containing paraffin is fitted by a rubber joint to the 
top of the capillary; the pressure is then increased by closing the 
condenser with a cork until the expansion of the liquid in the 
dilatometer has expelled all the air in the capillary; the cork is 
then removed, and the temperature is allowed ten minutes to 
revert to its former value, when a fresh meniscus is formed in 
the usual way. Closed caps containing paraffin were used in a 
similar manner to preserve the dilatometers when filled with metal 
and liquid. 

Corrections.—Although the actual temperature may vary by as 
much as 0°2 to 0°3°, the use of a dummy is equivalent to controlling 
the temperature within about 0°001°. As the corrections are 
rather complex, a single example may be quoted to show how they 
are made and their effect on the readings. The case selected is 
that of antimony annealed at 100° under xylene. 
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Annealing of Antimony at 100°. 
Weight of dilatometer =14-366 grams. Antimony 


Tube removed in scaling = 1-076 ,, g} (density... 


Dilatometer and metal =34-062 [,, Xylene 


Dilatometer, metal and (density ... 


BRBORE cccccccecccsccscccces =38-485 “ ,, 
Bore of capillary,d = 0-1766 mm. 
Dummy dilatometer ... =14-344 grams 
Filled with xylene =21-711 ,, 
Bore of capillary,d = 0-1644 mm. 


= 0-0000780 cm.*. 


= 7-367 
= 0-0000675 cm.?. 


Cubical expansion of antimony : expansion of xylene=1 : 29; 


Relative movement of meniscus in two dilatometers for 
temperature : 


an equal change in 


= 17:367 + 0-8 x 0-675: {4-423 + 0-84 20-772 + 6-641 x 29} + 0-780. 


= 13-66 (dummy): 7-24 (antimony). 


The correction is therefore (13-66—7-24) + 13-66= +47: 


movement of the dummy. 


0 per cent. of the 


The readings for twenty-seven hours were as follows: 


Time. Number A D A-D A-D 


of hours. Antimony. Dummy. 
10.21 \ Dilatometers hot. 


corrected, 


10.24 jf practically at 100°. 


10.27 . . 0 


mm. 0 mm. 


10-28 . —3-5 —3-5 
10.31 , ; } —8-0 — 8-0 


10.35 ° . —11-6 —12-2 
10.374 ] . . —12-5 — 13-2 
10.40 ° ; — 13-8 — 15-0 
10.45 . ° — 15-0 —17-8 


10.50 ° 7 — 15- 


2 —19-9 


10.55 * , — 14-6 — 20-9 


11.0 . , ns th 


7 — 22-5 


11.15 , . —17-4 — 25-9 


11.30 ° ° —17- 


8 — 27-8 


11.45 : ; ° —18-4 — 29-6 
12.0 ° : — 20-6 —31-6 


12.30 
1.0 


ooow ) 
i) a 


o 
ue) 


-m. 
a.m. 


ad 


wow 


He 
o 


— 35-7 
— 39-8 
— 42-9 
—45-5 


— 47-8 
— 50-6 
— 54-2 
— 57-3 
—61-7 
— 84-1 
— 86-2 


Observed fall of meniscus 86°2 mm. Bore of tube 0:1766 mm. 


Decrease in volume = 86-2x7 x (0°1766)? mm.*, = 2°11 mm.?. 


4H 2 
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Iuitial vol. of antimony = 22772 _ 3130 mm.3. 


6°64 
*, Percentage change in volume = =. 
3130 
2°11 


I f density = —— 6°64 = . 
nerease of density = + 0:0045 
The corrected readings have already been plotted in Fig. 1, 
Part I., p. 1013. By way of contrast the steady values may be 
given for zinc already annealed for fifty hours at 100° in a 
vacuum : 
8m. 10 12} 15 20 25 30 35 45 55 
0 —08 —16 —2-2 —2-3 —2:3 —2:3 —2-2 —2-1 —2-3 


lh. 5m. 1-20 1-40 2:35 3:35 450 5:45 635 7-5 23-35 
2; —23 —22 —23 —20 —18 —1-7 —18 —18 —1-9 


= -— 00672. 


The minuteness of the fluctuations in these corrected readings 
gives a very good idea of the efficiency of the methods used to 
compensate and to correct for small variations of temperature. 
After the first ten minutes the extreme range during a working 
day was only 0°7 mm., and even from day to day the fluctuations 
are usually limited to a very few millimetres. It is therefore 
possible to detect with certainly a change of 5 mm. or so in eight 
or ten hours, whilst a change of 10 mm. in twenty-four hours 
would be rather iess certain. 


We desire again to express our thanks to the Dental Council 
of Guy’s Hospital for defraying most of the expenses of the 
research, and also to the donor of the scholarship in connexion with 
which the research was undertaken. 

METALLURGICAL LABORATORY, 


Guy’s Hosprran Dentrat ScHOOL, 
Lonpon, 8.E. [ Received, June 19th, 1915.] 


CXXVIII.—Studies in Phototropy and Thermotropy. 
Part VII. Polymorphic Anisylidenearylamines 
Produced by Trituration and by the Influence of 
Actinic Light. 


By Atrrep SENIER and Rosert BensaMIN Forster. 


TuIs paper is a continuation of previous communications (T., 1914, 
105, 2462; this vol., p. 452) in which the phydroxy- and the 
p-hydroxy-m-methoxybenzylidenearylamines were studied with 
special reference to polymorphic varieties produced by trituration. 
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The following is a description of a similar study of the »methoxy- 
analogues. 

No instance of phototropy was detected, but most of the com- 
pounds gave polymorphic forms by the prolonged influence of 
actinic light, and most of them were found to be thermotropic. 
Only one gave a polymorphic variety by trituration. Tribolumines- 
cence was entirely absent. 

The method of preparation was similar to that previously 
described, and the terms “the lower temperature” and “the higher 
temperature” are employed with the same meaning as_ before 
(loc. cit.). The compounds dissolve in the ordinary organic 
solvents, with the exception of dianisylidenebenzidine, which is 
sparingly soluble in all except nitrobenzene. 

Anisylideneaniline, OMe*C,H,-CH:N-C,H,, was first prepared by 
Schiff (Annalen, 1869, 150, 195), who describes it as consisting of 
golden-yellow plates. Freund and Becker by crystallisation from 
alcohol obtained colourless needles, which melted at 63°. Our 
specimen crystallised from light petroleum in colourless needles, 
which melt at 58—59° (corr.). This compound is neither thermo- 
tropic, nor is it affected by actinic light. 


A nisylidenetoluidines, OMe’C,H,CH:N°C,H,Me. 


Anisylidene-m-toluidine was prepared by Senier and Shepheard 
(T., 1909, 95, 1952). It is not thermotropic, nor does it poly- 
merise under the influence of actinic light. 

Anisylidene-ptoluidine (Steinhart, Annalen, 1887, 241, 340) 
crystallises from light petroleum in colourless needles, which melt 
at 92—93° (corr.) (Steinhart gives 92°). It is not thermotrop‘c 


or affected by actinic light. 


Anisylidenexylidines, OMe-C,H,y-CH:N-C,H,Mey. 
Anisylidene-o-4-cylidine crystallises from light petroleum in 
colourless needles melting at 74—75° (corr.): 
0°1570 gave 7°8 c.c. Ng at 9° and 764 mm. N=6°04. 
C,,H,,ON requires N=5°90 per cent. 
Anisylidene-o-4-xylidine assumes a pale yellow colour on keeping. 
It is thermotropic between “the lower temperature” and the 
ordinary temperature. 
Anisylidene-m-4-rylidine separates from alcohol in pale yellow 
plates, which melt at 65—66° (corr.): 
0°1770 gave 8°8 c.c. N, at 12° and 763 mm. N=5'98. 
C,,H,,ON requires N=5°90 per cent. 
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Anisylidene-m-4-xylidine is thermotropic between “the lower 
temperature” and 65°. It is not affected by actinic light. 

Anisylidene-p-cylidine crystallises in biscuit-coloured prisms from 
light petroleum, which melt at 68—69° (corr.) : 

0°2552 gave 12°8 c.c. N, at 15° and 761 mm. N=5'95. 

C,,H,,ON requires N=5'90 per cent. 

Anisylidene-p-xylidine is thermotropic between “the lower tem- 
perature” and the ordinary temperature. On prolonged exposure 
to light it is converted into a slightly deeper coloured polymorphic 
form. 

A nisylidene- wy -cumidine, OMe-C,H,CH:N-C,H,Mes, separates 
from carbon tetrachloride in very pale yellow prisms, which melt 
at 66° (corr.) : 

0°2372 gave 11°4 c.c. N, at 13° and 754 mm. N=5'69. 

C,,H,;gON requires N=5°53 per cent. 

Anisylidene-y-cumidine is thermotropic between “the lower tem- 
perature” and about 65°. Prolonged exposure to sunlight produces 
no visible change. 


A nisylidenechloroanilines, OMe-C,H,-CH:N-C,H,Cl. 


Anisylidene-o-chloroaniline crystallises from alcohol in almost 


colourless needles, which melt at 61° (corr.): 
0°2046 gave 10°0 c.c. N, at 17° and 762 mm. N=5'77. 
C,,H,,ONCI1 requires N =5°71 per cent. 
Anisylidene-o-chloroaniline is not affected by prolonged exposure 
to sunlight, but is thermotropic between the ordinary temperature 
and about 60°. 
Anisylidene-m-chloroaniline separates from light petroleum in 
flat, biscuit-coloured prisms, which melt at 54° (corr.): 
0°2034 gave 9°9 c.c. N, at 14° and 764 mm. N=5°82. 
C,,H,,ONCI1 requires N=5°71 per cent. 
Anisylidene-m-chloroaniline is thermotropic between “the lower 
temperature” and the ordinary temperature. Prolonged exposure 
to sunlight converts it into a slightly deeper-coloured polymorphic 
form. 
Anisylidene-p-chloroaniline crystallises from light petroleum in 
colourless plates melting at 93—94° (corr.): 
0°2063 gave 10°4 c.c. N, at 19° and 761 mm. N=5'90. 
C,,H,,ONCI requires N =5°71 per cent. 
Anisylidene-pchloroaniline is neither thermotropic nor is it 
affected by prolonged exposure to sunlight. 
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Anisylidenebromoanilines, OMe*C,H,*-CH:N-C,H,Br. 


Anisylidene-m-bromoaniline separates from light petroleum in 
colourless needles, which melt at 61—62° (corr.): 


0°1978 gave 82 c.c. N, at 11° and 754 mm. N=4'94, 
C,,H,,ONBr requires N=4°83 per cent. 


Anisylidene-m-bromoaniline is not thermotropic. On prolonged 
exposure to sunlight, it is converted into a very pale biscuit- 
coloured polymorphic variety. 

A nisylidene-p-bromoaniline crystallises from carbon tetrachloride 
in very faint yellow needles, which melt at 120° (corr.). It becomes 
somewhat deeper in colour on keeping: 


0°2654 gave 10°9 c.c. N, at 11° and 753 mm. N=4°89. 
C,,H,,.ONBr requires N=4°83 per cent. 


Anisylidene-p-bromoaniline is thermotropic between the ordinary 
temperature and about 118°. On exposure to sunlight, it is con- 
verted into a deep canary-yellow-coloured polymorphic form. 


A nisylideneaminophenols, OMe-C,H,-CH:C,H,OH. 


Anisylidene-o-aminophenol was first prepared by Haegele (Ber., 
1892, 25, 2755), who describes it as crystallising from dilute alcohol 
in brownish-yellow needles melting at 89°. Our specimen, crystal- 
lised from light petroleum, has the same appearance and melting 
point. Its solution exhibits fluorescence. 

Anisylidene-o-aminophenol is thermotropic between “the lower 
temperature” and about 85°. Prolonged exposure to sunlight con- 
verts it into a slightly deeper-coloured polymorphic form. 

Anisylidene-paminophenol was also prepared by MHaegele 
(loc. cit.), who describes it as crystallising from alcohol in yellow 
prisms, melting at 188°. Our specimen, crystallised from xylene, 
consists of buff-coloured needles, which have the same melting 
point. It is not affected by sunlight, but exhibits thermotropy 
between the ordinary temperature and about 185°. 

Anisylidene-p-anisidine, OMe-C,H,-CH:N-C,H,-OMe, was first 
prepared by Hantzsch and Schwab (Ber., 1901, 34, 832), who 
describe it as shining, white plates, melting at 142°. By crystal- 
lisation from carbon tetrachloride we obtained colourless needles 
melting at 146—147° (corr.). Prolonged exposure to sunlight 
converts it into a very pale biscuit-coloured polymorphic form, It 
exhibits thermotropy between the ordinary temperature and about 
145°; at the latter temperature it has a pale biscuit colour. 
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Anisylideneaminobenzoic Acids, OMe-C,H,-CH:N-C,H,°CO,H. 


Anisylidene-o-aminobenzoic acid crystallises from xylene in fine, 
yellow needles, which melt at 145° (corr.) : 

0°1504 gave 7°0 c.c. Ny at 15° and 766 mm. N=5°56. 

C,;H,;0,N requires N=5°49 per cent. 

Anisylidene-o-aminobenzoic acid is not affected by sunlight. It 
is thermotropic between the ordinary temperature and about 145°. 
Its colour is deepest at about 120°. 

A nisylidene-m-aminobenzoic acid separates from xylene in biscuit- 
coloured needles, which melt at 151—152° (corr.). A yellow variety 
which melted at the same temperature was obtained by crystallising 
from alcohol : 

0°1472 gave 6°8 c.c. N, at 11° and 766 mm. N=5'59. 

C,;H,,0,N requires N=5°49 per cent. 

Anisylidene-m-aminobenzoic acid is dimorphous.  Trituration 
converts the biscuit-coloured variety into the yellow-coloured 
variety. The paler-coloured variety is scarcely acted on by sunlight, 
but exhibits thermotropy between the ordinary temperature and 
about 150°. The deeper-coloured variety is converted into a 
brownish-yellow, polymorphic form by prolonged exposure to 
sunlight. It reverts to the paler-coloured variety at about 70°. 

A nisylidene-p-aminobenzoie acid crystallises from alcohol in pale 
yellow needles, which melt at 196—197° (corr.): 

0°1168 gave 5°4 c.c. N, at 12° and 765 mm. N=5'57. 

C,;H,,0,N requires N=5°49 per cent. 

Anisylidene-p-aminobenzoic acid is not acted on by sunlight, but 
is thermotropic between the ordinary temperature and about 195°. 

Dianisylidenebenzidine, 

OMe:C,H,-CH:N-C,H,-C,H,-N:CH’C,H,-OMe, 
crystallises from nitrobenzene in yellow plates melting at 257—258° 
(corr.). It is only sparingly soluble in other usual organic 
solvents : 

0°2052 gave 12°0 c.c. N, at 21° and 753 mm. N=6°73. 

C,,H,,O,N, requires N=6°67 per cent. 

Dianisylidenebenzidine is thermotropic between ‘“‘the lower tem- 
perature” and about 250°. At higher temperatures the colour 
change is well marked. It is converted into a somewhat deeper- 
coloured polymorphic form by prolonged exposure to sunlight. 


A nisylidenenaphthylamines, OMe-C,H,°CH:N-C,,H>. 


Anisylidene-a-naphthylamine was prepared by Pope and Fleming 
(T., 1908, 98, 1916), who describe it as crystallising from alcohol 
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in colourless plates melting at 100—101°. Our specimen, crystal- 
lised from light petroleum, consists of pale yellow plates melting 
at this temperature. It is thermotropic between “the lower tem- 
perature” and about 100°. Prolonged exposure to sunlight 
converts it into a slightly deeper-coloured polymorphic form. 

Anisylidene-8-naphthylamine was prepared by Steinhart 
(loc. cit.). Our specimen, crystallised from light petroleum, consists 
of pale yellow plates, which melt at 99° (corr.) (Steinhart gives 
98°). It is thermotropic between “the lower temperature” and 
about 95°. Prolonged exposure to sunlight converts it into a 
slightly deeper-coloured polymorphic form. 


UNIVERSITY COLLEGE, 
GALWAY [ Received, July 10th, 1915.] 


CXX1X.—The Rotatory Dispersive Power of Organic 
Compounds. Part VI. Complex Rotatory Dis- 
persion in Ethyl Tartrate. 


By Tomas Martin Lowry and THomas Witiiam Dickson. 


Simple and Complex Rotatory Dispersion. 


THE experiments described in the earlier papers of the present 
series have shown that the rotatory dispersion in a large number 
of organic compounds can be expressed by the simple formula 
igerens 
A? - A,” 
where & is the “rotation constant” and A,? is the “dispersion 
constant”? of the equation (Lowry and Dickson, T., 1913, 103, 
1068, 1069). When this formula holds good, the rotatory power 
can be plotted against the square of the wave-length in the form 
of a rectangular hyperbola, the position of the vertical asymptote 
being determined by the magnitude of A,2._ This type of rotatory 
dispersion we have proposed to distinguish from all others under 
the name of Simple Rotatory Dispersion (Lowry and Dickson, 
Trans. Faraday Soc., 1914, 10, 102). It can be detected very 
easily by plotting 1/a against A, when a straight line is obtained, 
intersecting the axis of wavelengths at the point where A?=,,?.* 
A more exact method is to measure the “dispersion ratios” for 


* A? must, of course, be positive; the dispersion-ratio ays,o/a4,, cannot 
therefore, be less than 1-57. 
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two pairs of wavelengths, for example, for the mercury lines 
Hg 4358 and Hg5461, and for the cadmium lines Cd 5086 and 
Cd 6438, and to calculate the two constants of the equation from 
each pair of observations; if they agree together, the correctness 
of the equation and the accuracy of the observations are estab- 
lished simultaneously (Lowry and Abram, 7'rans. Faraday Soc., 
1914, 10, 106). 

When the rotatory dispersion cannot be expressed in this simple 
way, a satisfactory agreement can usually be obtained by using 
an equation containing two or three terms, for example, 

__* k, «ee 
a’ Ba a’ 
thus ethyl tartrate requires two suth terms (Lowry and Dickson, 
P., 1913, 29, 185), whilst quartz requires three (Lowry, Phil. 
Trans., 1912, [A], 212, 290). We have proposed (7rans. Faraday 
Soc., 1914, 10, 102) to describe under the name of Complex Rota- 
tory Dispersion all those cases which cannot be expressed by the 
simple one-term equation given above. 

If all the rotation constants in the more complex equation are 
of the same sign, and all the dispersion constants refer to wave- 
lengths shorter than those under observation, the “complex” dis- 
persion curve will not differ very obviously from a “simple” curve, 
and would probably be described as “normal”; but on plotting 
1/a against A®, a smooth curve would be obtained instead of a 
straight line. If, however, two rotation constants are opposite in 
sign, and the term with the greater rotation constant has the 
smaller dispersion constant, the curve will show all the different 
phenomena that have been described under the name of 
anomalous rotatory dispersion. Instead of rising continuously 
towards a distant asymptote as the wave-length decreases, the dis- 
persion curve will be drawn down until it becomes inflected; it 
will then pass through a maximum and a zero value, and finally 
become asymptotic to a line on the other side of the axis of wave- 
lengths. The inflexion, the maximum, and the reversal of sign 
cannot usually be observed together within the limited range of 
the visible spectrum; there are, indeed, many cases in which a 
curve shows none of these features, and appears on a casual ex- 
amination to be perfectly “normal,” that is, the rotatory power 
increases progressively as the wave-length decreases; but an 
extension of the observations to light of shorter wave-lengths 
reveals the characteristic features of “anomalous” dispersion. 
The authors are entirely in agreement with the view of Patterson 
(Trans. Faraday Soc., 1914, 10, 113) that it is absurd to divide 
curves belonging to one family into “normal” and “anomalous,” 
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according as the maximum lies without or within the limits of the 
visible spectrum. This difficulty disappears, however, if the old 
classification of rotatory dispersions as “normal” and “anoma- 
lous” is ¥eplaced by a classification as “simple” and “complex” 
in accordance with the definitions set out above. 


Complex Rotatory Dispersion in Ethyl Tartrate. 


The phenomena of “anomalous” rotatory dispersion were dis- 
covered by Biot in aqueous solutions of tartaric acid (Alem. Acad. 
Sci., 1838, 15, 229); but in recent years interest has been trans- 
ferred very largely to the esters, which were found by Winther 
(Zeitsch. physikal. Chem., 1902, 41, 161) to exhibit the same 
anomalies as the parent acid. These esters have the advantage 
that the anomalies are shown in the homogeneous state, and can 
be investigated over a wide range of temperatures and in a large 
variety of solvents. Winther’s work supplied much valuable in- 
formation, but can only be regarded as a preliminary survey of 
this important field. The observations were restricted to five 
patches of the visible spectrum, picked out by means of Landolt’s 
filters, and calibrated by measuring the rotations produced by a 
plate of quartz one millimetre in thickness. This method is easy 
to apply, but is not suitable for exact measurements, which 
demand as an essential requisite a series of sources of pure mono- 
chromatic light. 

The importance that has been attached to ethyl tartrate seemed 
to call for a more thorough examination of its properties, in which 
full advantage should be taken of the large series of sources of 
light which is now available for polarimetric measurements. This 
further examination was the more urgent, because Winther, know- 
ing nothing of the real form of the dispersion curves, was ready 
to assume that a curve had become “normal” as soon as the more 
striking anomalies had vanished from the narrow region of the 
spectrum within which his observations were confined. In order 
to test this assumption, we have measured the rotatory power of 
ethyl tartrate at different temperatures, and in a considerable 
number of solvents,in the hope of finding conditions under which 
the complex rotatory dispersion of the ester might resolve itself into 
a simple dextro- or levo-rotation; but we have found no evidence 
that this ever takes place, either in the homogeneous state or in 
solution. So far as we have been able to observe, the rotatory 
dispersive power of ethyl tartrate is essentially complex under all 


the experimental conditions that are readily available. 
j 
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Fractionation of Ethyl Tartrate. 


The importance which we attached to our programme of experi- 
ments on ethyl tartrate was much reduced when we discovered the 
uncertain character of the material with which we were dealing. 
The ester, as usually prepared or purchased, appeared to be a mix- 
ture from which strictly homogeneous material could only be 
obtained after a careful fractionation, using the polarimeter itself 
to test the quality of the different fractions. A partial fractiona- 
tion was carried out (a) with a specimen of ethyl tartrate pre- 
pared as described by Patterson (T., 1901, 79, 168); (+) with 
several small bottles of Kahlbaum’s ethyl tartrate; (c) with a kilo- 
gram of the ester prepared specially by Kahlbaum. 


(a) First specimen: 
A; B,. B.. C;. ’ 

Li 6708 47-9° 47-75° 48-35° 46-2° 47-91° 

Na 5893 52-96 52-46 53-46 50-79 52-86 

Hg 5780 53-15 52-68 54-28 51-06 53-25 

Hg 5461 52-70 52-19 54-07 50-46 52-80 

Hg 4358 7-6 7-0 9-7 5-1 8-1 
The original specimen A, was distilled into two fractions, B,, 
B,, and again into three fractions, C,, C,, C3. The rotations 
A,, B,, By, were read in a 6-dem. tube at 20°; the rotations 
C,, C., Cz were read in a 2-dem. tube, and multiplied by three to 


correspond with A,, B,, By. 


(b) Second specimen: 


A,. Ay As. 0. By By. B,. 

Li 6708 42-45 47-76 48-27 49-62 48-9 49-20 48-99 

Na 5893 46-11 53-01 53-97 55-50 54-69 5460 54:39 

Hg 5780 46-17 53-37 54:30 55-80 54-93 55-02 54-72 

Hg 5461 45:39 53-16 54-24 55:80 54-90 54:96 54-63 

Hg 4358 =-:1-53 10-86 12-45 14-25 13-4 13-20 13-05 
The large middle-fraction C was purified by rejecting three pairs 
of end-fractions, A,B,, A,B,, AgB;. The readings indicate the 
presence in this sample of the ester of two impurities of lower 
rotatory power, one more volatile and the other less volatile than 
the main component. The first fractions showed a marked acidity, 


diminishing from A, onwards. 
(c) Third specimen: 


6708 
5893 
5780 
5461 
4358 
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The tartrate was distilled into a series of small fractions in the 
vacuum of a Gaede mercury pump. After nine fractions had been 
collected the flask collapsed, but the undistilled ester was 
recovered, and fractionated some months later. 


The readings for different wavelengths, which are given in the 
preceding tables, are important as showing that the variations of 
rotatory power do not depend on the presence of inactive or 
racemic ester. If this were the case, the rotations for different 
wavelengths would vary proportionally from sample to sample. 
Actually, nothing of the sort occurs; the differences between C, 
and C, for different wavelengths are 2°7°, 3°3°, 3°6°, 3°8°, 5°1°, 
but the percentage variations are 61, 5°7, 7°0, 7°5, 100. From 
these figures it is evident that in attempting to isolate a pure 
substance from the liquid ester, the violet readings would demand 
the fullest consideration, as being the most sensitive indicator of 
the course of the fractionation. In view of the large amount of 
work that has been done with the ester, it is very desirable that 
this fractionation should be carried out; but in the present investi- 
gation no such attempt was made, as it was found that the 
crystalline methyl tartrate, without any special purification, 
provided just that homogeneous material which was needed for an 


exact investigation of the dispersion curves of a typical tartaric 
ester. 


Mutarotation Experiments. 


It is well known that ethyl tartrate is anomalous, not only in 
its rotatory dispersion, but also (as Biot pointed out in the case 
of tartaric acid) in the very large changes of rotatory power which 
are produced by alterations of temperature, solvent, and concentra- 
tion. In view of the exceptional magnitude of these changes, it 
appeared to be desirable to see whether the response of rotatory 
power to change of conditions was instantaneous, or whether a lag 
might sometimes be detected. It was expected that the response 
might be too rapid to be detected easily, but a few experiments 
were also made to detect a very slow mutarotation. Experiments 
were made to detect a lag of rotatory power under three different 
changes of conditions. 

(a) Distillation—Ethy] tartrate was distilled in the vacuum of 
a Gaede pump into a receiver cooled with ice. Readings were 
taken in a 6-dem. tube at 20° one hour after the ester had been 
removed from the ice, and again on the following day: 

1 hour Next day. 
Hg 5780 56-33° 56-24° 


Hg 5461 56-33 56-22 
Hg 4358 14-1 14-1 
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The following figures illustrate the effects of longer periods of 
time on the rotatory power of the freshly distilled ester: 


July 20. Jan.17. Jan. 31. Feb. 2. Feb. 4. 
Hg 5780 —_ 53-06 53-42 53-15 53-15 
Hg 5461 53-23 52-56 53-04 52-70 52-70 
Hg 4358 — 7-8 8-1 7-5 7-6 
These variations are insignificant in comparison with the effects 
produced by alterations of temperature or solvent, or even by 
fractional distillation. 

(b) Changes of Temperature.—Three fractions of ethyl tartrate 
were contained in 2-dem. polarimeter tubes, which were heated at 
100° by passing steam through the jackets for twenty minutes, 
quenched suddenly by running cold water through the jackets for 
ten minutes, and then connected to the 20° thermostat; readings 
were taken within half an hour. Any real lag of rotatory power 
during the cooling would have been indicated by transient high 
rotations; high readings due to incomplete cooling were avoided 
by undercooling the ester before connexion was made with the 
thermostat. The readings (multiplied by three) were as follows: 


Before. After. , Before. After. Before. After. 
Hg 5780 51-1 50-9 53-2 52-7 54-6 54-0 
Hg 5461 50-4 50:3 623 623 543 53-4 
Hg 4358 5-1 4-5 8-1 7-8 10-2 8-7 
The readings show that the ester after this treatment had retained 
no trace of the high rotatory power which it possesses at higher 
temperatures; the small differences which are shown in each series 
are due to the fact that the ester had not been warmed quite to 
20° after having been cooled below this temperature. 

(c) Dissolution—As the rotatory power of ethyl tartrate rises 
to a very high value in formamide, and falls to a very low value 
in ethylene dibromide, these two liquids were selected as the most 
suitable solvents for mutarotation experiments. Solutions of ethyl 
tartrate (about 25 grams in 100 c.c.) were prepared, and the rota- 
tions were read as quickly as possible, and again on the following 
day. The readings were as follows: 


Formamide. Ethylene dibromide. 


A 


co 


Smin. 15min. lday. Smin. hour. 1 day. 

Hg 5780 12-20 12-19 12-20 — 549 — 549 — 5-48 

Hg 5461 13-41 13-41 13-42 — 6-84 — 684 — 6-84 

Hg 4358 17-39 17-37 17-37 —17-84 —17-83  —17-83 
The experiments on mutarotation described above were sug- 
gested by the behaviour of nitrocamphor. This substance shares 
with ethyl tartrate the property of anomalous rotatory dispersion 
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and a rotatory power which is extremely sensitive to changes of 
conditions, the specific rotation in different solvents varying from 
—104° to +12°. The mutarotation of nitrocamphor affords 
definite evidence that its solutions contain a mixture of dynamic 
isomerides, and the anomalous rotatory dispersion in these solu- 
tions is clearly due to the mixing of levorotatory nitrocamphor 
with a dextrorotatory isomeride. The failure to detect mutarota- 
tion in ethyl tartrate cannot, however, be cited as evidence that 
its many anomalies are physical, and not chemical, in their origin ; 
it only indicates that the chemical changes produced by distilla- 
tion, by dissolution, and by heating and cooling pass to a condition 
of equilibrium much more quickly than in the case of nitro- 
camphor. This is by no means an uncommon or even an excep- 
tional phenomenon. Thus it is now recognised universally that 
liquid water, and the liquid and vapour of nitrogen peroxide, are 
mixtures of molecules of different complexity, but no one has yet 
been able to detect a transient low density (or any other excep- 
tional property) in freshly melted ice, nor has any lag been 
observed in the dissociation of dinitrogen tetroxide or the association 
of nitrogen dioxide, in spite of the extremely favourable conditions 
provided by the contrast of colour between the two types of mole- 
cules. Similar facile changes, if occurring in an optically active 
substance, might be expected to give rise to just those phenomena 
which have been observed experimentally in the case of ethyl 
tartrate. 


Experimental Methods, Visual and Photographic. 


Attention may be directed to two features of the experimental 
work now described. In the first place, the large series of wave- 
lengths which was developed and tested in measuring the rotatory 
power of quartz (Phil. Trans., 1912, [A], 212, 269) has provided 
ample resources for exploring the form of the dispersion curves in 
the visible region of the spectrum; unlike some of the data 
given by earlier methods the measurements thus obtained are 
sufficiently exact to admit of mathematical analysis. In the 
second place, we have for the first time made use systematically of 
the photographic methods of observation which were described in 
outline in 1908 (Proc. Roy. Soc., 1908, [A], 81, 472). These 
methods do not lend themselves readily to observations of the 
same accuracy as those made with the eyepiece, but they are of 
great value in indicating the course of a dispersion curve when it 
can no longer be followed with the eye. We have thus been able 
to follow the dispersion curve for ethyl tartrate at 20° to the 
point at which the sign of the rotation becomes reversed, and 
beyond this to a point at which a levorotation is observed which 
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is half as great again as the maximum value of the familiar dextro- 
rotation in the ester. Again, in the case of a solution of ethyl 
tartrate in formamide, we have looked for extinctions on the 
assumption that the curve would continue its upward course when 
passing into the region of invisibility; we have then looked for 
them on the assumption that the curve drooped towards the axis; 
finally, the photographic plates showed that the curve was practic- 
ally flat, passing through a shallow maximum in the region under 
investigation. The value of these photographic data is not 
affected by the fact that many of them fall within the limits of 
the “visible” spectrum; under the actual conditions of polari- 
metric work accurate observations with the eyepiece are impractic- 
able beyond the violet mercury line Hg 4358, and the region from 
4358 to 4000 A.U. may all be regarded as “invisible.” In the 
case of ethyl tartrate, very little of the real ultra-violet spectrum 
is transmitted either by the liquid ester or by solutions of moderate 
concentration. 


Dispersion Data for Ethyl Tartrate. 


In making measurements of the rotatory dispersion in ethyl 
tartrate, fractions were selected which gave an observed rotation 
G54) = about 55°, in a 6-dem. tube, as this appeared to be the most 


probable value for the pure ester. Two series of measurements 
are given. The first series, for five wave-lengths only, covers a 
considerable range of solvents and concentrations, as shown in 
table I. The second series, which was used for calculating the 
exact form of the dispersion curves as shown in table II, included 
readings for eight wave-lengths in the visible spectrum and a con- 
siderable number of photographic readings. All the solutions 
were read at 20°, and all the concentrations are given in grams 
per 100 c.c. It may be added that the rotations now recorded for 
ethyl tartrate are probably the first data that have been given for 
the rotatory power of the ester for a series of pure monochromatic 
lights of well-defined wave-length. 


TABLE I.—Specific Rotatory Power of Ethyl Tartrate at 20°.* 


Yellow. 

Solvent and Per Red. — , ~ Green. Violet. 

concentration. cent. Li 6708 Na5893 Hg 5780 Hg 5461 Hg 4358 
Formamide 22-80 29-38 30-50 33-73 46-75 
22-75 28-99 30-01 33-20 46-30 
21-87 27-80 28-76 31-86 43-89 
19-32 24-45 26-02 29-01 — 
18-23 23-39 24-46 27-06 38-18 
ai 18-59 23-74 24-60 27-19 37-89 


* Additional data are given in table II. 
+ The data for water are uncertain, on account of hydrolysis; but they 
serve to show the general character of the dispersion in this solvent. 


” 
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Taste [.—Specific Rotatory Power of Ethyl Tartrate 
at 20° (continued). 


Yellow. 
Solvent and Per Red. - nm ~ Green. Violet. 
concentration. cent. Li 6708 Na5893 Hg5780 Hg 5461 Hg4358" 
Ester at 98°7° ‘ , 13-70 14-64 15-13 
Acetone ; ; 13-23. «13-97 ~—s-11-37 
= 12-63 13-24 10-99 
. . 11-93 = 12-46 9-52 
; 11-66 12-28 10-42 
Allyl Alcohol _... ° . 11-30 11-88 10-00 
Ester at 20° y . 7-52 7-50 1-62 
Bromoform ‘ . 0-63 0-30 _— 
Carbon tetra- 
chloride , ° 1-73 3-11 —17-17 
Ethylene di- 
chloride... . ° 4-11 5-88 —22-39 
am 2 oe 4-24 6-09 —23-11 
Dibromopropane... ° , 4-40 6-40 —23-35. 
Ethylene di- 
chloride ° — 463 — 6-40 —23-80 


s-Tetrabromo- 
* ethane . —11:33 —13-95 —35-36 


Ethylene di- 
bromide . —11-52 —12-35 —15-23 —38-76 
—12-41 —13-30 —16-33 —39-70 

ra a —14-:31 —15-26 —18-48 —43-57 
Ethylene di- 


bromide —14-26 —15-23 —18-65 —44-76 


_ 
s-Tetrachloroethane 5 —10-35 —15-17 —16-20 —19-55 —45-17 


Ethylene di- 
bromide —16-06 —17-11 —20-73 —48-70 


TaBLe II.—Specific Rotatory Power of Ethyl Tartrate. 


14. Ester at 20°. | 12. Ester at 64-3°, 
25-22 21-05 _ 22-941 17-670 


* = 2—0-030 = A2—0-055" * = 520-030 ~ 120-057 


. Obs. Cale. =  ) Obs. Cale. Diff. 
6708 + 6-69° + 6-75° + | Li 6708 9-64 9-66 0-02 
6438 7-00 7-04 + | Cd 6438 10-28 10-24 
5893 7-45 7-45 Na5893 11-44 
5780 7-52 7-52 | Hg 5780 =: 11-66 
5461 7-50 7-50 Hg 5461 12-28 
5086 6-96 6-94 Cd 5086 =:12-73 
4800 5-85 5-85 Cd 4800 12-59 
4358 1-62 1-70 | Hg 4359 10-42 
4271 0-21 0-30 Fe 4192 8-62 
4261 + 0-03 0-07 Fe 4132 7-69 


Pititi+ Sf 
gs 
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4251 0-14 0-12 Fe 4102 7-18 
4191 1-38 1-34 Fe 4046 5-82 
4132 2-77 2-66 Fe 4031 5-74 
4033 5-54 5-41 Fe 3982 4-31 
3969 — 7-62 7-60 Fe 3923 2-87 
3903 —10-04 —10-11 
3900 —10-18 —10 20 
3879 —11-22 —11-13 
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TaBLe II.—Specific Rotatory Power of Ethyl Tartrate 
(continued). 


rn _ 24091 18-284 
8. Ester at 98-7°. [a] = 0-080 20-055" 
Li 6708 Cd 6438 Na 5893 Hg 5780 Hg 5461 Cd 5086 Cd 4800 Hg 4358 
Obs. 11:09 11-76 13:35 13-70 14-64 15-59 15:98 15-13 
Calc. 11-07 11-79 13:35 13-71 14:64 15-58 15:97 15-13 
Diff. — 0-02 + 0-03 + + 0-01 + — 001 — 0-01 + 


4. Solution in formamide, 22. Solution in ethylene di- 
25 grams per 100 c.c. bromide, 25 grams per 100 c.c. 


[aj— 19°62 9-46 fa] = 18:08 _ _ 19-335 _ 
A2—0-03 ~ at—0-07 2—0-03 a?—0-061 


A. Obs. Cale. Diff. A. Obs. Cale. Diff. 
Li 6708 +21-81° +21-82° + 0-01°| Li 6708 — 6-66° — 6-66° + 
Cd 6438 23-67 23-57 — 0-10 Cd 6438 — 7-57 — 7-65 — 0-08° 
Na 5893 27-73 27-72 — 0-01 Na5893 —10-56 —10-56 + 
Hg 5780 28-72 28-70 — 0-02 Hg5780 —11-33 —11-34 — 0-01 
Hg 5461 31-70 31-70 + Hg 5461 —14-11 —14-11 + 
Cd 5086 35-64 35-64 + Cd 5086 —18-75 —18-75 + 
0 
0 


Cd 4800 38-82 38-94 + 0-12 Cd 4800 —23-89 —23-88 + 0-01 

Fe 4679 40-0 403 + 03 | Hg 4359 —36-77 —36-90 — 0-13 

Fe 4406 43-3 43-3 + Fe 4326 —38-6 -—36-3 + 0-3 

Hg 4359 43-68 43-79 + 0-11 | Fe 4308 —39-0 —39-0 + 

Fe 4199 44-7 45-1 + 04 | Fe 4271 —40-7 —40-7 + 

Fe 4144 45-4 455 +01 | Fe 4154 —466 -—465 — 61 
3960 460 45:7 — 03 


Graphical Representation. 


Most of the data given in tables I and II are reproduced in 
the form of dispersion curves in Fig. 1. The curves reproduced in 
this figure are Nos, 1, 4, 6, 8 to 17, and 21 to 28; the other numbers 
have been omitted to prevent overcrowding. In the figure, the 
circles represent visual observations, whilst the photographic read- 
ings are represented by squares. The black circles and squares refer 
to the pure ester, the hollow circles and squares to its solutions. 
The heavy lines show the five curves for which formule are given 
in table II; the data of table I are shown by lighter lines. The 
numbers attached to the curves correspond with the numbers in 
the table, and show the general order of the curves from dextro- 
to levo-rotation. Speaking generally, it will be recognised that 
the curves belong to one family, like those plotted by Winther 
(Zeitsch. physikal. Chem., 1902, 41, 177) for methyl, ethyl, and 
propyl tartrates at different temperatures. But this simple inter- 
pretation breaks down under a closer examination, since if the 
curves really belonged to one “family,” they would pass pro- 
gressively from one extreme to the other, but could not intersect. 
Actual intersections are few in number; they are not to be ex- 
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pected in curves which refer to different concentrations in the 
same solvent, and in most cases where the solvent is different the 
dispersion curves are fairly well spaced. The curves correspond- 
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ing with 10 per cent. solutions in ethylene dibromide and in 
acetylene tetrachloride (Nos. 26 and 25) appear to cross, since the 
latter gives higher readings with yellow light, and lower readings 
in the red, green, and violet; the overlap, however, is only a few 
hundredths of a degree, and might be due to experimental errors. 
Even in that case, however, it could be asserted that curves which 
are coincident in the red and the yellow diverge slightly in the 
green, and show a very marked deviation in the violet; this is 
equally impossible in a real “family” of curves, where the whole 
course of a curve is usually determined when a single point is 
given. Another close approximation is found in the curves (Nos. 
19 and 20) for dibromopropane (20 per cent.) and ethylene 
dichloride (5 per cent.) ; these coincide in the green, but appear 
to diverge slightly in the red, the yellow, and the violet; the curves 
for dibromopropane (20 per cent.) and ethylene dichloride (10 per 
cent.) (Nos. 19 and 18), on the other hand, appear to cross between 
the sodium and the mercury-yellow. The data for water are com- 
plicated by hydrolysis, and are only to be regarded as approxi- 
mate. 

These small deviations might perhaps be neglected but for the 
fact that an unmistakable series of intersections is found in another 
part of the diagram. It will be seen that curves (12 and 13) for 
the pure ester at 64°3°, and for a 40 per cent. solution in allyl 
alcohol, are closely parallel throughout, thus providing strong con- 
firmation of the accuracy of the measurements. The three curves 
(9, 10, 11) for solutions in acetone, also run very well together, but 
the curves corresponding with solutions in acetone are steeper than 
those for the warm ester and for the solution in allyl alcohol, and 
provide a series of intersections which cannot easily be explained 
away ; there is no need to attempt to do so, since these intersections 
are by no means unique. Thus Bruhat’s curves for anhydrous 
tartaric acid at different temperatures resemble the curves for tar- 
taric acid in various solvents, but the pairs of curves which lie most 
closely together appear, as a rule, to intersect one another at three 
points (7'rans. Faraday Soc., 1914, 10, 89). Again, Grossmann 
has found intersecting curves for methyl malate in chloral and 
bromal, and again in quinoline and acetaldehyde (7'rans. Faraday 
Soc., 1914, 10, 19). 

When all the dispersion curves for a given substance are 
regarded as belonging to the same family, the underlying idea is 
that each of the intermediate curves may be regarded as a weighted 
mean of two extreme curves. This idea has found a simple 
graphical expression in the “characteristic diagram” of Armstrong 
and Walker. Its simplest physical explanation is that the sub- 
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stance exists in two modifications which differ widely in their 
optical properties, and are very readily converted into one another ; 
the observed variations of rotatory power are then attributed to 
changes in the proportions of the two forms, and not in their 
properties. This interpretation finds full expression in Biot’s work 
on tartaric acid (Mem. Acad. Sci., 1838, 15, 93; 16, 229), where 
it is assumed throughout that the specific rotatory power of a 
compound is essentially constant, and that variations produced by 
solvents, or by the addition of inactive solutes, such as boric acid, 
are due to the production of new types of molecules; Biot, in fact, 
regarded the whole of this work as a study in “chemical 
mechanics,” in which variations of rotatory power were used to 
detect chemical changes of too subtle a character to be investigated 
by ordinary analytical methods. The fundamental assumption 
that, apart from definite chemical changes, the rotatory power of 
a substance is constant, is, however, too drastic to be more than 
a rough approximation. Whilst, therefore, we believe that the 
wide variations in the rotatory power of ethyl tartrate are due to 
definite molecular changes, we consider it unlikely that the two 
modifications of the ester * could retain their properties unchanged 
throughout. Small differences of rotatory power and of dispersive 
power may be expected, and these would lead to just those small 
irregularities which have been described above, for example, the 
intersection of the curves for ethyl tartrate in allyl alcohol and 
in acetone, and the kink which this produces in the characteristic 
diagram for ethyl tartrate. The closeness of the approximation, 
and the sensitiveness of the method of testing it, may be illustrated 
by comparing the data for the chief series of intersecting curves. 
These lie about 0°39, or approximately two-fifths, of the way across 
from the extreme dextro-curve (formamide, 5 per cent.) to the 
extreme levo-curve (ethylene dibromide, 5 per cent.). The actual 
proportions for the three curves are: 


Li 6708 Na 5893 Hg 5780 Hg 5461 Hg 4359 
11. Acetone 20 per cent. 0-383 0-390 0-390 0-391 0-390 


12. Ester at 64-3° ......... 0-390 0-397 0-396 0-394 0-381 
13. Allyl alcohol 40 per 
CBB cesesconecccessces 0-400 0-403] 0-404 0-402} 0-385 


Form of the Dispersion Curves. 


A preliminary series of measurements, made as long ago as 1907, 
of the rotatory power of a column of ethyl tartrate 6 dem. in 


“ A dextrorotatory form of low dispersive power and a laevorotatory 
form of higher dispersive power. 
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length, was recently found to agree very satisfactorily with 
numbers calculated from the formula 


_ 13278 _ 103-05 
0026 AP - 0-061’ 

(Lowry and Dickson, Trans. Faraday Soc., 1914, 10, 99). When 
the mixed character of the ester was discovered, it was thought 
that the more exactly-measured dispersion curves might be too 
complicated to agree with the requirements of a simple mathemati- 
cal formula. It was found, however, that the readings for various 
fractions of the ester fell into place on the characteristic diagram, 
indicating that the impurities were of the same type as the ester 
itself, in one or other of its modifications; the impurities might, 
indeed, be regarded merely as “fixed” forms of the labile ester * 

if so, they would produce the same effect as a small change of 
temperature or concentration, that is, they would alter the 
constants of the equation without altering its form or affecting the 
accuracy of the agreement between the observed and calculated 
numbers. In any case, the fact remains that the ester showed a 
very satisfactory agreement with the two-term formula in the five 
series of observations shown in table II. The equations given in 
this table show, again, the small variations of dispersive power 
which had already been indicated by the graphical analysis of the 
curves. These variations we believe to be perfectly real, but it is 
necessary to point out that the constants can be altered to a con- 
siderable extent without affecting the form of the curve very 
much, provided that all the constants are altered together. Thus, 
of the three equations 

[a] = 24°12 13 975 Lad 1962 9-46 
X= U035 2-0 065» Z-UU3U A¥-UV0TU 


ae 1601 587 
A?- 0-025 d?—0°080" 

the second agrees most closely with the data for ethyl tartrate in 
formamide, but the first and third do not differ very widely, and, 
in fact, give identical numbers in the red and the yellow regions 
of the spectrum. If, therefore, it were desired to determine the 
exact values of the constants, it would be necessary to make use 
of data of much greater accuracy and over a considerably greater 
range than is readily available at the present time. 

Attention may, however, be directed to the approximate equality 
of the two rotation-constants for solutions in ethylene dibromide, 
on account of which the two terms would almost cancel in the 


* Compare, for instance, the “ fixed ’’ ethers of nitrosophenol and of p-benzo- 
quinonemonoxime. 


THE ROTATORY DISPERSIVE POWER OF ORGANIC COMPOUNDS. 1187 


region of long wavelengths; but in the visible spectrum the 
negative term predominates, as it has the larger dispersion- 
constant. In the case of formamide, the positive term is twice 
as great as the negative when the wave-length is large and is 
strongly predominant throughout the visible spectrum. The ester 
shows a strong predominance of the positive term in the visual 
region of the spectrum; but in the photographic region the nega- 
tive term, with its greater dispersion-constant, drags the curve for 
20° across to the negative side, and brings the curve for 64°3° 
almost down to the axis. 

We conclude that, in spite of the complicated appearance of the 
curves and the uncertain character of the ester from which they 
were derived, the rotatory dispersion in ethyl tartrate may be 
expressed, within the limits of experimental error, as the sum of 
two simple dispersions of unequal magnitude and opposite sign. 
The bearing of this observation on the origin and nature of 
“anomalous” rotatory dispersion will be discussed in a subsequent 
paper. 

During the absence, on military service, of Mr. T. W. Dickson, 
the experimental work now described has been carried to comple- 
tion by Mr. P. C. Austin, who is also extending the investigation 
to other derivatives of tartaric acid. The mathematical work has 
been completed by Mr. H. H. Abram. A part of the expenses has 
been defrayed by the Government Grant Committee of the Royal 
Society and by the Solvay Institute of Physics; we desire to express 
our thanks for the generous help thus afforded. 

130, Horsererry Roap, Crry AND GUILDS COLLEGE, 


Lonpon, S.W. SoutH Kensrneron, S.W. 
[Received, May 5th, 1915.] 


CXXX.—The Rotatory Dispersive Power of Organic 
Compounds. Part VII. Complex Rotatory Dis- 
persion in Methyl Tartrate. 


By Tuomas Martin Lowry and Harotp HELiine ABRAM. 


In view of the uncertain character of the liquid ester, and the 
obvious difficulty of preparing a homogeneous substance from it, 
the programme of experiments on ethyl tartrate was, to a large 
extent, transferred to the solid methyl ester. Although less readily 
soluble in certain solvents, methyl tartrate is a very satisfactory 
substance for experimental work. Its crystalline character ensures 


1188 LOWRY AND ABRAM: THE ROTATORY DISPERSIVE 


a degree of purity which could only be attained with considerable 
trouble in the case of ethyl tartrate; at the same time, it can be 
supercooled so easily that no difficulty is encountered in making 
measurements of the rotatory dispersion in the liquid ester at the 
ordinary temperature. The solid ester has also obvious advantages 
in the search for mutarotation phenomena, although here, again, 
only negative results have been obtained. 

The dispersion curves for methyl tartrate, as Winther showed, 
are of the same general type as those for ethyl tartrate, and, if 
plotted in terms of specific, and not of molecular, rotatory power, 
they appear to form part of a single family of curves. The dextro- 
rotations are, however, smaller than in the case of the ethyl and 
propyl esters, and pass much more readily into levorotations at the 
violet end of the spectrum. Thus, Winther calculated that methyl 
tartrate must be heated to 149° before it would show the same 
dextrorotation that is already given by ethyl tartrate at 14°, and 
would be given by propyl tartrate already at —25°. This would 
diminish the likelihood of converting the complex rotatory dis- 
persion into a simple dextrorotation, but would increase the possi- 
bility of obtaining a simple levorotation. In practice, we have 
found that whilst the curves may be displaced in either direction 
until they appear “normal” to the eye, they never become even 
approximately “‘simple.” Both esters have, in fact, given nothing 
but complex dispersion-curves, the form of which can be investi- 
gated with much greater certainty in the case of the pure methyl 
ester than in the case of the somewhat dubious ethyl ester. We 
have therefore developed this line of investigation much more fully 
than in the preceding paper. Only a small number of dispersion- 
curves have been plotted, but observed and calculated rotations 
have been worked out for each curve, and have been found to 
show a very gratifying agreement. 


ExPERIMENTAL. 
Fractionation of Methyl Tartrate. 


The chief fractionation was carried out with a kilogram of 
methyl tartrate, specially prepared by Kahlbaum. This was 
worked up in two portions, Z and M, from each of which a large 
middle fraction and two small end-fractions were separated. The 
L-fractions were rendered cloudy by a trace of vaseline from the 
taps of the apparatus used for continuous fractionation in a 
vacuum ; the readings are therefore less exact than those for the 
M-fractions, which were distilled in a pair of common distilling 
flasks. For the sake of comparison, data are also given for the 
best fraction, Ks, from a number of small bottles of Kahlbaum’s 
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methyl tartrate, and for a specimen, C, prepared directly from 
tartaric acid. The readings for two-decimetre columns of the ester 
at 20° were as follows: 
i  & M, OM. Ms» 

Li 6708 +7:3 +7:25 +7:15 +7-25 +7-20 +7-10 
Na 5893 +5-99 +5-90 +5-77 +5-90 +5-85 +5-76 
Hg 5780 +5-49 +542 +5-32 +5-42 +5-38 +5-26 . 
Hg 5461 +3-45 +3-37 +3-26 +3-38 +3-34 +3-22 +3-37 
Hg 4358— 25°? —25°? —25°? —23-95 —2405-—242 -—24-7 

These figures show clearly that the crystalline methyl tartrate 
as purchased is almost pure, since even the rejected end-fractions 
produce almost equal levorotations in the violet and equal dextro- 
rotations in the less refrangible rays. There is also a close con- 
cordance between the different preparations, Z, M, K, and C, which 
compares very favourably with the observations recorded for ethyl 
tartrate. The obvious purity of the substance fully justifies its 
substitution for ethyl tartrate as a material for investigating the 
mathematical form of the dispersion curves. 


Mutarotation Experiments. 


Experiments were made to see whether transient changes of 
rotatory power could be produced by distillation, by fusion, or by 


dissolution. 

Distillation and Fusion.—Readings were taken of the rotations 
produced by a 6-dem. column of the ester: (a) after recent distilla- 
tion in a vacuum; (6) after keeping for eleven days; (c) after 
crystallisation and recent fusion. The readings were as follows: 

(a) and (6). (c). 


+17-08° 
+11-09 
— 70-3 
Dissolution.—Patterson (T., 1904, 85, 766) has recorded the fact 
that methyl tartrate exists in two modifications, melting at 48° 
and 61°5° respectively. This observation lent additional interest 
to experiments on the rotatory power of freshly prepared solutions 
of the solid ester, since in the analogous case of m-bromonitro- 
camphor (T., 1899, 75, 223), two of the forms described by Lap- 
worth and Kipping (T., 1896, 69, 304) as polymorphous turned 
out to be dynamic isomerides, differing very widely in rotatory 
power, which exhibited large mutarotation, and finally gave 
identical end readings. In the case of methyl tartrate, however, 
almost identical readings were given by freshly prepared solutions 
of: (a) the solid tartrate, m. p. 45°; () the same freshly distilled ; 
(c) the solid tartrate, m. p. 61°, prepared from ethyl tartrate and 
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methyl alcohol, as described by Patterson. The readings for solu- 
tions in alcohol, 10 per cent., were as follows: 


23461 
24358 


TaBLe III.—Specific Rotatory Power of Methyl Tartrate. 


34. Ester at 20°. 32. Ester at 100-5°. 
22-576 20-079 oe os 24-762 21-193 


+ 32-0030 r?-0-056° 2—0-030 =A? - 0-052" 


Obs. Cale. C—O. > Cale. C—O. 
2-79 + i . +5-71 +0-02 
+0-05 . . +594 +0-14 

+ 27° 462700 + 
+ 7 . +630 +0-01 
—0-01 . +630 +0-01 

+.0-04 f . +6-31 + 

—0-01 g . + 6-25 
Hg 4358 +0-17 . +600 —0-01 
Fe 4182 +0-04 . +589 —0-01 
Fe 4110 . . — 0-34 5 . +65-79 

Fe 4022 . . +0-24 . —5-74 +0-06 
Fe 3934 . . +0-09 . +4-76 +0-02 
Fe 3861 . : +0-10 . +410 +0-03 

Fe 3795 . . —0-18 . +1-33 + 
Fe 3741 . . —0-09 . +119 —0-07 
—0-55 —0-02 

—1-33 + 
—2:08 —0O-22 
Fe 4135 . —2:47 —0-07 


Li 6708 
Cd 6438 
Na 5893 
Hg 5780 
He 5461 

5086 
Cd 4800 


Ll +++++ 
Li bl +tt++ 


37. Solution in Ethylene Chloride. | 31. Solution in Formamide (25 grams 
(25 grams per 100 c.c.), 20°. per 100 c.c.), 20°. 
fo} on 20-360 _ 22-202 — fof un 17-049 _ _ 10-640 — 
2—0-030 a*—0-058 a*— 0-030 A?— 0-070 


a. Obs. Cale. C—O. Ae Obs. Cale. C—O. 
Li 6708 — $16 — 816 + Li 6708 59 —0-06 


+0-05 

—0-03 
+ 

—0-02 

+ 0-07 

—0-01 

+0-09 
+ 


+0-04 

+0-02 

+0-01 
+ 


— 0-06 
—0-07 
—~01 
+ 
+0-04 
—0-1 


4 
—0-4 


Cd 6438 — 931 — 9-32 —0-01 Cd 6438 
Hg 5780 —13-50 —13-45 +0-05 Na 5893 
Cu 5700 —14-16 —14-14 +0-02 Cu 5782 
Hg 5461 —16-51 —16-52 —0-01 Hg 5780 
Cu 5218 —19-56 —19-56 + Cu 5700 
Cu 5153 —20-60 —20-53 +0-07 Hg 5461 
Cu 5105 —21-28 —21-29 —0-01 Cu 5218 
Cd 5086 —21-53 —21-59 —0-06 Cu 5153 
Zn 4811 —26-97 —26-93 +0-04 Cu 5105 
Cd 4800 —27-:09 —27-18 —0-09 Cd 5086 
Zn 4722 —29-04 —29-07 —0-03 Zn 4811 
Cd 4678 —30-12 —30-23 —0-1l Cd 4800 
Fe 4470 —36-7 —36-7 + Zn 4722 
Fe 4385 —40-:0 —39-9 40-1 Cd 4678 
Hg 4358 —40-92 —40-95 --0-03 Fe 4529 
Fe 4299 —43:3 —43-5 —0-2 Fe 4378 
Fe 4236 -—46-7 -—466 40-1 Hg 4358 
Fe 4275 
Fe 4251 
Fe 4137 


 laladiediadi edt alk en 
PLTTELEL LES 
CoOowwmO+10 0+!) 

or aD > 
el eel eel el eel el el oe ee 
ATITATOCSCOMwowy 


+ttttt++++++++++t++4+ 
étibeniehice beg iet hind 
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33. Solution in Acetone (25 grams 
per 100 c.c.), 20°. 
fa} = 277425 _ 24-000 
WS X2=0-030 ~ 02-00-0854" 
A. Obs. Cale. C—O. 
Li 6708 + 4-59 + 469 +0-10 
Cd 6438 4 467 + 4-75 +0-08 
Na 5893 + 462 + 461 —0-01 
Hg5780 + 4-50 + 4-50 + 
Hg 5461 + 4-01 + 3-98 —0-03 
Cd 5086 + 2-73 + 2-67 —0-06 
Cd 4800 + 0-87 + 0-80 —0-07 
Fe 4384 — 4-7 — 4-6 +0-1 
Hg 4358 — 5-05 — 5-05 + 
Fe 4353 — 53 — 5-2 +0-1 
Fe 4299 — 63 — 63 + 
Fe 4271 — 70 — 7-0 + 
Fe 4144 —10-0 —10-4 —0-4 
Fe 4065 —13-0 —13-0 + 
Fe 4046 —13-7 —13-7 + 
Fe 3982 —16-7 —16-2 +0-5 
Fe 3934 —18-0 —18-3 —0-3 
Fe 3925 —18:-7 —18-8 —0l1 
Fe 3900 —19-7 —20-0 —0-3 
Fe 3847 —22-7 —22-9 —0-2 
Fe 3825 —240 —24-2 —0-2 
Fe 3788 —26-7 —26-5 +0-2 
Fe 3750 —29-3 —29-2 +0-1 


Solution in Pyridine (20 grams 
per 100 c.c.), 20°. 


TaBLE III.—Specific Rotatory Power of Methyl Tartrate 
(continued). 


~~ 19-448  —s-_ 6-683 
A?— 0-030 A2—0-082° 
A. Obs. Cale. C—O. 
Cd 6438 +30-48 +30-48 + 
Na 5893 +36-32 +36-10 —0-22 
Cu 5782 +37-43 +37-42 —0-0l 
Hg5780 +37-44 +37-44 + 
Cu 5700 +38-43 + 38-43 + 
Hg 5461 +41-60 +41-60 + 
Cu 5218 +45-23 +45-16 —0-07 
Cu 5153 +46-16 +46-16 + 
Cu 5105 +46-82 +46-91 +0-09 
Cd 5086 +47-15 +47-21 +0-06 
Cd 4800 +652°01 +52°01 + 
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30. Solution in Water (25 grams per 
100 c.c.), 20°. 
fa} = 17-145 — 9-979 
A?— 0-030 A?— 0-065" 
A. Obs. Cale. C—O. 
Cd 6438 +16-04 +16-04 + 
Hg 5780 +19-28 +19-30 +0-02 
Hg 5461 +21-17 +2114 —0-03 
Cd 5086 +23-44 +2345 +0-01 
Cd 4800 +25-23 +25-22 .—0-01 
Cd 4678 +25-86 +25-93 +0-07 
Hg 4358 +27-33 +27-33 + 
36. Solution in Anisole (20 grams 
per 100 c.c.), 20°. 
eo 42-828 43-581 | 
A?— 0-030 A?— 0-047 
A. Obs. Cale. C—O. 
Cd 6438 — 7-20 — 7-20 + 
Hg 5780 —11-:00 —10-97 +0-03 
Hg 5461 —13-80 —13-80 + 
Cd 4800 —23-68 —23-92 —0-24 
Hg 4358 —37-08 —37-08 + 


35. Solution in Quinoline (21-5 grams 
per 100 c.c.), 20°. 


fa] = 37555 _ 33-211 
A2— 0-030 A2— 0-058" 
A. Obs. Cale. C—O. 
Cd 6438 +447 +451 +0-04 
Na 5893 +3-56 +3-56 + 
Cu 5782 +3-26 +3-22 —0-04 
Hg 5780 +3-19 +3-21 +0-02 
Cu 5700 +3-04 +2-92 —0-12 
Hg 5461 +1-73 +1-77 +0-04 
Cu 5218 —0-04 +001 +0-05 
Cu 5153 —0-58 —0-58 + 
Cu 5105 —103 —1-06 —0-03 
Cd 5086 —1-:35 —127 +0-08 
Cd 4800 —§24 —65°24 + 


Although the two forms of the ester come at once to a condition 
of equilibrium, it is quite possible that they may be the two 
modifications to which the anomalous rotatory dispersion of the 


ester is probably due. 


The case would then be analogous with 


that of light ice and dense ice, which can both be frozen out from 
water, but change into one another very readily, even in the solid 


state and at temperatures as low as — 150°. 
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Dispersion Curves for Methyl Tartrate. 


Full dispersion curves have been plotted for methyl tartrate at 
20° and 100°, and for its solutions in formamide, acetone, and 
ethylene chloride at 20°. Visual readings are also given for solu- 
tions in water, in anisole, in pyridine, and in quinoline. In order 
to economise space, the curves for pyridine, water, and formamide, 
which should come well above the top of Fig. 2, have been drawn 
in at the bottom instead. Attention may be directed to the 
striking prolongation of the curves by the photographic readings ; 
thus, the curve for the ester at 20° is prolonged from —9° to 
— 33°, and its range is increased threefold by these additional read- 
ings; a similar prolongation is seen in the curve for acetone. 

Although it has not been put forward for reproduction, a com- 
plete “characteristic diagram” has been drawn for methyl and 
ethyl tartrates for an exceptionally large number of wave-lengths ; 
both diagrams show a series of breaks between the points repre- 
senting the pure ester and its solutions in acetone. In Fig. 2 
(unlike Fig. 1), no actual intersections occur between the curves 
representing these two liquids, but the curve for acetone (33) lies 
much nearer to the curve for the ester at 100° (32) at the red 
end of the spectrum, and to the curve for the ester at 20° (34) at 
the violet end of the spectrum; it is therefore clear that a curve 
for methyl tartrate at 60° would intersect the curve for its solution 
in acetone, just as in the case of ethyl tartrate at 64°3°. 

A very sharp intersection is shown by the curves for methyl 
tartrate at 20° (34) and dissolved in quinoline (35). The latter 
curve is remarkable, because in the case of methyl malate Gross- 
mann found that the curve for quinoline lay beyond the curves 
for formamide and water, occupying much the same position as the 
curve for pyridine ; in the present instance, pyridine and quinoline 
give contrasting results, a point that may be of importance when 
the time comes to enquire into the nature of the chemical pheno- 
mena which give rise to anomalous rotatory dispersion. 

The numerical data are tabulated in table III, together with 
values calculated from equations containing two of Drude’s terms. 
The chief feature of this table is the very close agreement between 
the observed and calculated rotations. On 95 visual readings 
the average error is less than 0°04°, and on 36 photographic read- 
ings the average error is only 0°1°. This close agreement gives 
clear proof of the validity and usefulness of the two-term formula. 

The greater certainty which attaches to the observations on 
methyl tartrate enabled us to test definitely a point which was 
already foreshadowed in the table of observed and calculated values 
for ethyl tartrate. In order to express the rotatory power of 
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quartz to five or six significant figures, it is necessary to use an 
expression which contains five arbitrary constants. In dealing 
Fia. 2. 
Specific rotatory power of methyl tartrate. 
6800 6300 5800 5300 4800 4300 3800 3300 
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with organic compounds, the four constants of the two-term equa- 
tion represent an embarrassment of riches. It has already been 
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pointed out on p. 1186 that three equations with slightly different 
dispersion constants give very similar numbers for the rotatory 
power of ethyl tartrate in formamide, provided that the rotation 
constants are altered substantially to correspond with the slight 
changes in the dispersion constants. In the case of methyl 
tartrate, we have tried the effect of fixing the smaller dispersion 
constant deliberately at an average value A,2=0°03, and have found 
that rather better results are obtained than when the value was 
allowed to vary from 0°025 to 0°035. When this constant has 
been fixed, it is necessary to vary the other dispersion constant 
slightly to suit the different curves. The actual values of the 
second dispersion-constant are as follows: 


Ethyl tartrate. Methyl tartrate. 
Ester 0-054 Anisole 
Ethylene bromide 0-061 Ethylenechloride 0-058 Acetone 
Formamide Formamide 0-070 Water 
Pyridine 0-082 

Whilst it would be unwise to lay too much stress on the small 
variations in this second dispersion constant, it may be noted that 
the values actually adopted were substantially the same for methyl 
tartrate as for ethyl tartrate under similar conditions. Special 
interest also attaches to the constants for solutions in acetone and 
in quinoline, which are notorious for giving intersecting curves; it 
is a remarkable fact that the dispersion constants for these two 
solvents are substantially identical with those for the pure ester ; 
the strained relationships which exist between these curves and 
the other members of the family are therefore to be ascribed to 
alterations in the rotatory power of the two oppositely active 
components, and not to any marked change in their dispersive 
power. 

The general result of the investigation shows that the complex 
dispersion of methyl tartrate may be expressed accurately as the 
sum of two simple dispersions. This is in agreement with Biot’s 
observation that anomalous rotatory dispersion may be produced 
by mixing compounds of opposite rotatory power and unequal 
dispersive power, and with Arndtsen’s theory that the anomalous 
rotatory dispersion of tartaric acid is caused by the presence in its 
solutions of two modifications of the acid. In the case of the 
tartaric esters, these modifications change so quickly that no muta- 
rotation can be observed, but we are convinced that anomalous 
rotatory dispersion will itself prove to be one of the most valuable 
tests for the occurrence of dynamic isomerism and other facile 
changes of structure. 


A part of the expense of the investigation has been defrayed by 
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grants from the Government Grant Committee of the Royal Society 
and from the Solvay Institute of Physics, for which we desire to 
express our thanks. 

130, HorsererRy Roan, Guy’s Hosprrat, 


Lonpon, 8.W. Lonpovn, S.E. 
[Received, June 10th, 1915.] 


CXXXI—The Rotatory Dispersive Power of Organic 
Compounds. Part VIII. An Exact Definition 
of Normal and Anomalous Rotatory Dispersion. 


By Tuomas Martin Lowry. 


THE experimental measurements recorded in the two preceding 
papers, together with the mathematical investigations that have 
been based upon them, have made it possible to introduce exact 
definitions of the hitherto ill-defined terms “normal rotatory dis- 
persion ” and “anomalous rotatory dispersion.” 

These terms were not used in Biot’s early papers, although he 
was responsible for classifying rotatory dispersions into the two 
groups to which these names were subsequently attached. In 
Biot’s view, rotatory dispersions were either (1) of the quartz 
type, conforming approximately to Biot’s law, ad?=const., or (2) 
of the tartaric acid type, to which Biot’s law was obviously not 
applicable, since the rotatory power did not even always increase 
with diminishing wave-length. It will be seen that Biot’s concep- 
tion of what is now generally called ‘normal dispersion” differs 
from our definition of “simple rotatory dispersion” only in the 
omission of the small term A,” from the formula a(A?—A,?) =const., 
and in the approximate character of the agreement between his 
observed and calculated values. 

Later writers have differed from Biot in laying undue emphasis 
on the maximum which appears in the curves for certain solutions 
of tartaric acid, as well as in some other cases of “‘ anomalous rota- 
tory dispersion.” The limit in this direction has been reached by 
Winther, who has not merely adopted the view that a maximum 
is the one essential feature of anomalous rotatory dispersion, but 
has even insisted that this maximum must lie within the visible 
region of the spectrum, thus making the definition depend on 
physiological rather than on physical considerations. Thus, he 
actually speaks of a dispersion curve which “becomes normal, in 
that the maximum passes into the ultra-violet” (Zeitsch. physikal. 
Chem., 1902, 41, 188), whilst a curve which cuts right across the 
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axis is described as “normal with a maximum in the infra-red” 
(tbid., 1903, 45, 337). 

Such a definition could scarcely be defended as a basis for a per- 
manent classification of rotatory dispersions; but as little or 
nothing was then known of the mathematical form of the curves, 
it was impossible in practice to discriminate between curves which 
might be expected to show “anomalies” in the invisible spectrum 
and those which could be relied upon to remain “normal” when 
they passed beyond the region of visual observation. This diffi- 
culty has now been overcome, in part by extending the range of the 
observations, but mainly by establishing the exact mathematical 
form of a large number of typical dispersion curves, including 
several which showed the most pronounced anomalies. Thus, as a 
general result of all the investigations of the present series (Parts 
I to VII), as well as of many observations on the rotatory power 
of quartz, it has been established beyond question that Drude’s 
formula, 

Se = > a ’ 
. "So 
is adequate to meet the requirements of experimental observations 
on rotatory dispersion of every type that has been investigated 
hitherto. 

In the case of organic compounds, it has been proved that two 
terms in the general equation are amply sufficient to express the 
numerical data up to the extreme limits of accuracy of present- 
day observations; and, further, that the values of A,” usually lie 
in the ultra-violet region between A2=0°01 and the limit of visi- 
bility at A2=0°16. Infra-red bands, for which A2 >0°6, have only 
been recognised in the case of quartz, and even in this case they 
contribute very little to the rotatory power of the crystals. In 
practice, then, it is found that a vast number of observations can 
be expressed by the “‘simple” one-term formula a(A?—,?) =const., 
and that (with the solitary exception of quartz) all the cases of 
“complex” dispersion hitherto studied can be expressed by two 
terms of the Drude formula. 

Assuming, therefore, the validity of Drude’s equation, it is easy 
to know where to look for a definition of “normal” and 
“anomalous” rotatory dispersion which shall retain the essential 
ideas hitherto associated with these expressions, but, at the same 
time, shall be capable of exact mathematical interpretation. In 
the first place, it may be stated that, if anomalous dispersion is 
due to the influence of two opposing terms in the equation 


a: _k om k, 


~ = - 
12... r2 d2—),”’ 
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it follows that the inflexion, the maximum, and the reversal of 
sign (to which attention has already been directed, and which are 
all shown in the families of curves reproduced in Figs. 1 and 2) 
must appear and disappear together. Any one of these features 
is a sufficient proof of the anomalous character of the curve, and 
gives clear indications as to where the other two features might 
be found. This simultaneous appearance and disappearance of 
the three chief anomalies can be shown by a simple mathematical 
argument. The condition for a reversal of sign is that for some 
value of A 

k, k k, _ -d? 


a ole, SS @ cee 
r2 = A? r2 - A,” k, r2 _ A,” 
If, however, A,? is less than A,”, the expression on the right hand 
may have any value from unity up to infinity according to the 
value assigned to Aj, and can always be made equal to the expres- 
sion on the left hand provided that k, is greater than k,; the con- 
dition for a reversal of sign is therefore that the term with the 
larger rotation-constant k, must have the smaller dispersion- 
constant A,*. The condition for a maximum is that da/da=0, 
which can be worked out to 


Pr ky = ? -A,? 
ks * - A,? 
(Chapman, Ann. Reports, 1914, 18). Again, it is evident that the 
limiting condition for a maximum to appear is that when A,? is 


less than A,?, k, must be greater than k,. Finally, the condition 
for a point of inflexion is that d*a/da?=0, whence 


Je _ A2-A? 

hy B=Age 

and once more the limiting condition is that if A,? is less than A,?, 
then k, must be greater than kg. 

In the second place, it should be noticed that (in the absence 
of an infra-red band) all curves of the Drude type become asymp- 
totic to a horizontal axis of zero rotation when A=”, and 
asymptotic to a vertical axis when A?=A,2, where A,2 is the largest 
of the dispersion constants. The following cases should be noticed: 

(1) If the dispersion is simple, the curve is a rectangular hyper- 
bola lying in the angle between these two asymptotes. 

(2) If the dispersion is complex, but all the terms are of the same 
sign, the curve is no longer a rectangular hyperbola, but its general 
appearance is very much the same, lying wholly in the angle 
between two asymptotes and running smoothly without any re- 
versal of curvature from the horizontal to the vertical asymptote. 

VOL. CVII. 4k 
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All curves of this type may be described as normal. It is evident 
from this definition that all simple dispersion curves must be re- 
garded also as normal. 

(3) If the dispersion is complex, and the two terms are of opposite 
sign, the dispersion curve may either lie wholly on one side of 
the axis, or it may cross the axis and show a reversal of sign; 
in the former case it will show no marked anomalies, and will 
again be classed as normal; in the latter case all the charac- 
teristic anomalies will appear in some part or other of the spec- 
trum. The limiting condition for anomalous dispersion in the 
case of a two-term formula is that the term with the smaller dis- 
persion constant, r,2, must have the larger rotation constant ky, 


and conversely. 


It is now easy, with the help of the data calculated in tables 
II and ITI, to apply these considerations to the curves plotted in 
Figs. 1 and 2 of the two preceding papers. In the first place, 
it may be stated that none of these thirty-seven curves obeys 
the “simple” dispersion law, even approximately; without 
any exception, they are all “complex,” as may be ascer- 
tained at once by plotting 1/a against A. Winther, however, 
would describe as “anomalous” only the small group of 
curves in Fig. 1 (Nos. 8—14), which show a maximum in the 
visible region of the spectrum. Curves 1 to 7 would probably 
be described by him as “normal with a maximum in the ultra- 
violet,” and the curves from 15 to 28 (or perhaps only 15 to 17) 
as “normal with a maximum in the infra-red.” In none of these 
cases is the hypothetical maximum reached within the limits of 
our observations; but it is easy to deduce from the mathematical 
equations the probable course of the curves, on the assumption 
that they follow approximately the course indicated by Drude’s 
equations. Thus it is clear that, since the negative term always has 
the bigger dispersion constant, every curve must tend towards a very 
large negative value as the wave-length diminishes, and that all the 
dextrorotations must sooner or later become levorotations on pass- 
ing from red towards violet and ultra-violet; all the curves from 
1 to 16 must therefore show a reversal of sign, and are anomalous 
in the sense of the exact definition set out above. The curves 
which lie entirely below the axis of zero-rotations are less easy 
to classify; for instance, it is evident that the curve for ethylene 
chloride is likely to cut the axis in the infra-red region, just as 
the curve for carbon tetrachloride cuts it in the visible red spec- 
trum; but the intersection is much more doubtful in the case of 
the lower group of curves (Nos. 21 to 28) clustered around the 
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black curve (No. 22) for ethylene bromide. This problem can 
only be solved by a careful mathematical analysis of the curves, 
but most of the essential data are already set out in table II. It 
is there seen that in equations 4, 8, 12, and 14 the term with the 
smaller dispersion constant has the larger rotation constant, so 
that in all these cases the dispersion is anomalous; but in equa- 
tion 22, for ethylene bromide, the first term has a rotation constant 
slightly smaller than the second term, so that the anomalies just 
disappear. It follows, then, that curves 21 to 28 are complex but 
“normal,” whilst curves 1 to 20 are complex and “anomalous” ; 
that is, curves 1 to 20 intersect the axis, whilst curves 21 to 28 do 
not intersect it, and would show no maximum and no point of 
inflexion. 

In the same way, if the curves for methyl tartrate shown in 
Fig. 2 of Part VII. are considered, it is clear that visible maxima 
appear only in the case of the pure ester at 100° (curve No. 32) and 
its solutions in formamide (31) and acetone (33); but an inflexion 
is seen in the curve for water (30), and a reversal of sign in the 
curves for the pure ester at 20° (34) and for its solution in quino- 
line (35). All these curves from 28 to 35 are therefore visibly 
anomalous. The three remaining curves (29, 36, and 37) show no 
visible anomalies, and can only be classified with the help of an 
exact mathematical analysis; but the data given in table III show 
clearly that the very steep dextro-curve (29) for a solution in 
pyridine would ultimately be drawn down and across the axis, and 
must therefore be classified as anomalous. On the other hand, the 
levorotatory curve for anisole just fails to cross the axis, because 
the rotation constant is slightly smaller in the first term than in 
the second; this curve is therefore normal, but lies close along 
the boundary between the normal and anomalous curves. The 
curve for ethylene chloride (37) is clearly normal. 

None of the experimental curves which we have plotted shows 
all the three characteristic anomalies simultaneously. The nearest 
approach to this is the curve for ethyl tartrate at 20°, which shows 
the reversal of sign and the maximum, but just fails to reach the 
inflexion. To overcome this difficulty, a complete family of curves 
has been calculated from the formula 

k 1-k 


ae = ——_ —- ______., 
A? — 0°03 dA? - 0°06 
The two dispersion constants are a rough average of the actual 
values for a large number of derivatives of tartaric acid, and for 
convenience the sum of the rotation constants has been made equal 
to unity. The dtagram (Fig. 3) shows the two limiting curves +A 
4k 2 
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and +B of simple dispersion, which are exact rectangular hyper- 
boles, since a is here plotted against A*. All the intermediate curves 


Fia. 3. 
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Curves of rotatory dispersion, showing all the chief types of dispersion, 
simple, complex, normal and anomalous. Two of the anomalous 
curves, 0‘°9A—0°1B and 0-8A—0-2B, rise to maxima beyond the top of 
the diagram; the fragments of these curves have been joined by 
broken lines. 


are complex; but they are divided into two groups, the lower being 
complex and normal, and the upper group complex and anomalous. 


POWER OF ORGANIC COMPOUNDS. PART VIII. 1201 


There have also been added to the diagram dotted curves to illus- 
trate the effect of combining two terms of equal sign, namely, 
k 1-k 


° = 3-008 ~ 7-006 


These curves, like those in the lower part of the diagram, are com- 
plex, but normal ; their complexity would, however, be very difficult 
to detect, since they differ only very slightly from curves of simple 
rotatory dispersion. Thus the dotted curve 0°5A +0°5B, for which 
a=0°5/(A2—0°03) + 0°5/(A2—0°06) is plotted most easily by averag- 
ing the two simple hyperboles + A and +B along a series of vertical 
intercepts, but is itself a complex curve; if the two hyperboles 
+A and +B were averaged along a series of horizontal intercepts 
the product would be a simple curve, a=1/(a?—0°045), but the 
difference of shape would be almost imperceptible. 


In conclusion, a brief answer may be given to the question, 
which has already been asked, as to why it is necessary or desirable 
to employ the four expressions simple and complex, normal and 
anomalous, and how these two pairs of expressions compare and 
contrast with one another. The necessity for the twofold classifi- 
cation arises from the existence of curves which may (a) either 
obey the simple dispersion law or not obey it, and (0) either re- 
main on one side of the axis or cross it. It will be recognised 
that all simple curves are normal, since they remain on one side 
of the axis, and that all anomalous curves are complex, since they 
cannot be expressed by the simple formula; the three possible 
types of curves are therefore: (1) simple and normal; (2) complex 
and normal; (3) complex and anomalous. As regards the relative 
usefulness of the two classifications, it will be found in practice that 
it is comparatively easy to distinguish between simple and com- 
plex dispersion, but far more difficult to distinguish between 
normal and anomalous dispersion. If a curve shows no visible 
anomalies, it would be very unsafe to describe it immediately as 
normal, since typical anomalies might easily be disclosed by ex- 
tending the observations over a rather wider range; in the absence 
of an exact mathematical investigation, it would be wiser to 
describe such a curve as “complex, but showing no visible anoma- 
lies,” and to postpone a decision as to whether the curve should 
be classified as normal. Only in this way is it possible to eliminate 
the physiological element from the interpretation of this word. 


Summary. 


All curves of rotatory dispersion which run smoothly without 
reversal of curvature from a horizontal to a vertical asymptote may 
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be described as normal. These curves are similar in appearance 
to rectangular hyperbolas, and are entirely enclosed in the space 
between the two asymptotes. 

Curves which cut one of the asymptotes are anomalous, and may 
be recognised as such by the occurrence of an inflexion, a maxi- 
mum or a reversal of sign; or even by the fact that the curvature, 
as viewed from one of the asymptotes (for example, from the axis 
of zero rotation), is concave instead of convex in some portion of 
the curve. 

Other types of anomalous dispersion may appear if the rotatory 
power is observed on both sides of an asymptote, as, for instance, 
when there is a strong absorption band in the middle of the visible 
spectrum, or if the rotations are observed in the region between 
two vertical asymptotes, as, for instance, when there is a strong 
absorption band in the infra-red. These cases are, however, ex- 
ceptional, and need not now be described in detail. 


130, HorsererRRy Roap, Lonpon, 8.W. 


and Guy’s Hosprrat, Lonpon, 8.E. [ Received, June 10th, 1915.] 


CXXXII.—The Solubility of the Nitrophenols and 
Other Isomeric Disubstitution Products of Benzene. 


By Nevit Vincent Sipewicx, WILLIAM James SPURRELL, and 
Tuomas Exxis Davies. 


Tue structure of the nitrophenols has for some time been a matter 
of dispute, and there are reasons for suspecting that the three 
compounds may not have analogous formule. It seemed possible 
that further evidence might be obtained on this question by an 
examination of their physical properties, and we have therefore 
examined their solubility, especially in water. If their structures 
are analogous, we should expect their solubility curves to show the 
same relations as those of other sets of ortho-, meta-, and para- 
isomerides. Very few aromatic compounds, however, have had 
their solubilities examined over any considerable range of tempera- 
ture, and we were therefore led to investigate this property for 
other substances, in order to discover what is the normal influence 
of orientation on the solubility curves. The substances chosen for 
comparison must be sufficiently soluble to allow the curves to be 
followed from pure water up to pure substance; and they must 
have “unalterable” substituents, so that there should be no 
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question of the three isomerides having analogous constitutions. 
These requirements are fulfilled by the cresols and the toluic acids. 
They are all miscible with water below 200°, and there is no 
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danger of the methyl group reacting with the other substituent, as 
the nitro-group may do with the hydroxyl in the nitrophenols. 
We have therefore determined the complete solubility curves in 
water for the three cresols and the three toluic acids, and also for 
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the m- and p-nitrophenol; for o-nitrophenol this cannot be done, 
but we have followed the curves up to 200°. 

We have further measured the solubility of the nitrophenols in 
toluene, so as to show the effect of using a non-associated solvent. 


EXPERIMENTAL. 
I. Solubility in Water. 
The methods of measurement were essentially the same as those 
used to determine the solubility of aniline in solutions of its 
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hydrochloride (Sidgwick, Pickford, and Wilsdon, T., 1911, 99, 
1123). Weighed quantities of the components were heated, at 
lower temperatures in a flask, at higher temperatures in sealed 
tubes, until the contents became homogeneous and then slowly 
cooled, and the temperature observed at which separation took 
place. This gives good results when it is a liquid that separates 
out; when a solid is deposited, the flask or tube must be warmed 
very slowly, and the temperature taken at which the last traces 
are disappearing. The results are then less satisfactory, but, as 
will be seen, this affects only a small portion of the curves. 
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For the higher temperatures the heating took place in a glycerol 
bath, stirred by a motor. At lower temperatures a water-bath was 


used. 
The thermometers used were standardised by comparison with a 
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platinum thermometer made by Mr. J. J. Manley, the resistance 
of which had been determined by him with great accuracy at 0°, 
100°, and 444°. We wish to express our thanks to Mr. Manley 
for the instrument, and for his assistance in using it. 
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The cresols, the toluic acids, and the o- and pnitrophenols were 
obtained from Kahlbaum. The first were purified by distillation, 
the fractions used distilling within half a degree; the toluic acids 
were recrystallised from water and alcohol, although the melting 
points were scarcely raised by this; the nitrophenols were purified 
in the first instance by distillation in a current of steam, and then 
by recrystallisation, the ortho from alcohol, and the para from 
water. Part of the m-nitrophenol was prepared from m-nitro- 
aniline, and the rest obtained from Kahlbaum. It was twice 


recrystallised from water. 

The solubilities are given in the following tables, P being the 
number of grams of substance in 100 grams of solution. An asterisk 
indicates that the solid phase is present. The results are plotted 
in Figs. 1, 2, and 3. 


TaBie I. 


Cresols and Water. 


Meta-. 


3-22 
3-47 
3-75 
4-10 
4-51 
6-52 . 
10-46 . , . ; 124-5 
19-36 . . . . 139-4 
30-06 . . . . 141-2 
40-89 . . . . 143-5 
50-14 . . . . 143-4 
59-80 . . . . 141-5 
69-30 . . . . 134-8 
76-14 . . : . 111-6 
82-37 . . . : 77-9 
84-58 . . . . 37-4 
85-69 . . . . 27-5 
86-14 - - . . 17-2 
87-52 . . \. . 8-7* 
88-68 . . 13-2 . 9-2* 
89-89 10-2* - 10-8* 
90-85 11-1* : 17-1* 
92-62 12-9* Critical solution . 20-3* 
94-08 15-3* temp. 147-0°. . 24-0* 
97-46 22-3* " 27-5* 
99-01 26-9* . 29-9* 
100-00 29-9* . 33-8* 


Critical solution Critical solution 
temp. 162-8°. temp. 143-5°. 
Triple point 8-0°. Triple point 8-7°. 
P = 87-0 and -P= 86-0 and 
about 2:5, about 2-0. 
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Toluic Acids and Water. 
Meta.-. 


Temp. P. Temp. 
85-1 1-53 89-8* 
109-1 3-13 118-6 
118-3 5-88 140-5 
130-4 9-96 153-3 
143-7 29-94 162-2 
156-5 40-11 162-1 
160-2 50-10 160-7 
161-2 {80-15 157-7 
160-2 71-17 145-1 
154-6 79-57 129-6 
147-4 82-06 121-8 
119-8 86-67 105-9 
97-2 89-32 96-4 
93-7* 92-45 94-2* 
94-4* 96-93 101-9* 
96-0* 100-00 110-5* 
102-4* 
Critical solution Critical solution Critical solution 
temp. 161-2°. temp. 162-2°. temp. 159-1°. 
Triplepoint 93-5°. Triplepoint 91-8°. Triple point 
P=91-2 and 2-5. P=90-5 and 1-6. 142-0°. 
P=74-0 and 5-0. 
Vitrophenols and Water. 


0-321 38-44 3-03 40-4* 34-8* 
0-346 42.8* 3-65 49-5 4 
0-376 47-5 4-66 61-1 
0-455 59-4 5-42 67-1 
0-513 65-7 7-64 79-1 
0-589 72-8 9-47 85-1 
0-690 80-3 10-94 88-5 
0-833 88-9 13-92 93-2 
1-343 109-9 18-85 97-1 
3-03 151-8 21-55 98-0 
5-04 169-5 29-10 98-5 
9-90 196-5 35-13 98-5 
a ice 38-84 98-6 
90-68 196-5 40-94 98-7 
95-14 163-4 43-12 98-5 
98-48 91-7 48-12 97-9 
98-73 82-9 53-95 © 94-5 
99-24 59-3 57-19 91-9 
99-51 43-6* 60-74 87-3 
100-00 44-9* 63-47 82-6 40-4* 
Criti ‘ 67-38 72-7 P . 
—— 71-56 55-8 oe 
Triple point 43-5°. a + 46.78 
P=99. ' ‘ : ' 
99-48 and 0-350. 89.90 62-0* : 52-8* 
100-00 95-1* - 63-1" 
Critical solution temp. : Le 
98-7°. ‘ . * 
Triple point 41-5°. ame 
P=74-0 and 3-16. : roa a 


Critical solution temp. 
92-8°. 

Triple point 39-6. 

P=71-2 and 3-26, 
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The triple points were determined graphically. 

To show more clearly the relative solubilities of the several com- 
pounds at lower temperatures, the values obtained by interpolation 
on the curves for a series of “round” temperatures are given in 
table IT. 

Taste IT. 


Solubilities in Water. 


Cresols. Toluic acids. Nitrophenols. 


. Ortho-. Meta-. Para-. Ortho-. Meta. Para-. Ortho-. Meta-. Para-. 
3-08 . . . 3-02* 3-28 
3-22 
3-40 
3-74 


oe 
~ > 
ors 
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PRION OE 
Co~ASkN 


lll 1118 
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Critical 
solution 
temp....162-8 147-0 143-5 161-1 162-2 159-1 >200 98-7 92-8 


Meltin 


g ee 
point... 29-9 [4°]! 33-8 102-4 110-5 176-8 449 95-1 113-8 
1 According to Stiidel, Ber., 1885, 18, 3443. 


Discussion of Results. 


The results obtained with the cresols and the toluic acids are so 
similar that they may be taken to illustrate the normal behaviour 
of position-isomerides ; and this normal behaviour may therefore be 
discussed first, the question of its bearing on the nitrophenols being 
left until later. 

It is evident that when we are dealing with the liquid state, the 
influence of orientation on the solubility is very small. Both with 
the cresols and with the toluic acids the three curves run very close 
to one another, and the critical solution temperatures never differ 
by more than 20°, and usually lie much nearer than this. The 
solid-liquid equilibrium, on the other hand, is very greatly affected 
by the position of the substituent groups. The melting points 
differ in one case by 30°, and in the other by more than 70°. The 
depression caused by the presence of water—the interval between 
the melting point and the triple point—is correspondingly variable. 
But it is to be noticed that this difference vanishes when the solid 
disappears. Thus ptoluic acid, with a melting point some 70° 
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and a triple point about 50° higher than the o- and m-isomerides, 
has very much the same solubility at its triple point as the other 
two acids at that temperature. Speaking generally, we may say for 
any set of normal position-isomerides that the liquid-liquid curves 
run close together, and the only considerable differences are in the 
points at which the solid—liquid curves branch off from them. 

This result is to be expected. The anomalous differences in 
physical properties caused by small differences in the structure of 
similar substances are confined—or very nearly so—to those pheno- 
mena in which the solid state is concerned (see Biach, Zettsch. 
physikal. Chem., 1904, 50, 43). They are found in the melting 
points and solubilities of the solids, but scarcely if at all in the 
boiling points, or, as our results indicate, in the liquid-liquid 
curves. This is illustrated by the acids of the acetic series, where 
the melting points alternately rise and fall, as the series is ascended, 
whilst the boiling points rise steadily. Again, among the aromatic 
compounds it is well known that position-isomerides differ far more 
in melting than in boiling points. The reason, no doubt, is that 
small differences in structure, which do not seriously affect the 
properties of the liquid, may have a considerable influence on the 
readiness with which the molecules can be packed together into 
the crystalline form. The para-compounds, as we might expect 
from their greater symmetry, assume the crystalline state more 
easily than the ortho and meta; and hence their melting points are 
higher, and their solubilities as a rule are less. 

It is also to be noticed that the solubility curves for these 
substances frequently cut one another. Thus with the cresols, the 
order of the critical solution temperatures is the exact opposite of 
what we should expect from the solubilities at 40°. Again, with 
the toluic acids, the ratio of the solubilities at 100° is roughly 
3: 2:1, which would not lead us to anticipate that at higher 
temperatures the curves would lie so near together. It is evident 
that the measurement of the solubility at a few temperatures, 
especially where it is small, may be very misleading, and that 
if any conclusions are to be drawn from it, the whole course of 
the curves should be investigated. 

It appears, then, that a mere difference in orientation among 
diderivatives of benzene does not produce any marked change in 
the solubility of the substances in the liquid state. The melting 
points and the solid-liquid curves may differ to any extent, but the 
liquid-liquid curves will be very similar. 

When we come to the nitrophenols we see that the meta- and 
para-compounds follow this general rule, and their behaviour is 
perfectly normal. The two curves run very near together, and 
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their critical-solution temperatures are within 7° of one another. 
The behaviour of o-nitrophenol is, however, entirely different, Its 
solubility is never more than about one-tenth of that of the other 
two compounds. At a temperature at which they are miscible with 
water in all proportions, not more than 1 per cent. of the ortho- 
compound will dissolve. Even 100° above this, its solubility is 
under 10 per cent. Its critical-solution temperature could not be 
determined, partly from the difficulty of working with water under 
so high a pressure, and partly because even at 200° there were very 
obvious signs of decomposition and blackening; but it is clearly 
very high, well above 200°. Yet on general grounds we should 
expect the ortho- to be more soluble than the para-compound. 

The anomaly is the more remarkable since the vapour pressure of 
ortho- is far higher than that of para-nitrophenol. This difference 
has been generally overlooked, since the boiling point of p-nitro- 
phenol is not recorded, as it decomposes below that temperature. 
We are examining the vapour pressures of these substances, and 
preliminary experiments have shown that whilst the ortho-com- 
pound boils at 214°, the para-, from observations at lower pressures, 
would boil at about 295°; and that the vapour pressure of the 
para, in the neighbourhood of 100°, is only about one-seventieth of 
that of the ortho. This great difference is in itself enough to 
show that the two compounds do not behave as a normal pair of 
position-isomerides. It also emphasises the anomaly of the solubili- 
ties, since we should expect the substance with the higher vapour 
pressure to be the more readily soluble. In fact, if we assume 
that at the ordinary temperature ortho-nitrophenol is one-tenth as 
soluble as para, and has seventy times the vapour pressure, it 
follows that the partition-coefficient between the vapour and 
the aqueous solution is seven hundred times as great for the former 
as for the latter. 

These facts show clearly that whilst meta- and para-nitrophenol 
exhibit the normal relations of position-isomerides, the ortho- 
compound in its physical behaviour is entirely different. We cannot 
avoid the conclusion that this is due to some difference in structure. 
With substances like the cresols and the toluic acids there can be 
no question of the orientation affecting the structure, since the 
methyl group cannot, so far as we know, react with the hydroxyl 
or the carboxyl. With the nitrophenols, however, such inter- 
action undoubtedly takes place, as is shown by the change of colour 
in the formation of salts. The discovery by Hantzsch and Gorke 
(Ber., 1906, 39, 1093) of a series of red ethers isomeric with the 
colourless nitroanisoles is a conclusive proof that the change of 
colour is associated with a change of structure. From the fact 
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that pnitrophenol is colourless, whilst the ortho-compound is 
yellow, but much paler than its salts, Hantzsch concludes that the 
ortho-compound is a solid solution of a small quantity of the 
coloured aci-form in the neutral, and that the deepening of the 
colour when alkali is added to the aqueous solution is due to the 
conversion of the whole of the nitro-compound present into a salt 
of this aci-form. We do not propose to discuss this question in 
detail at present, or to criticise the formule which have been 
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suggested for the aci-forms; but one or two considerations may be 
pointed out. Firstly, the enormous difference in solubility between 
the ortho- and the meta- or para-compounds can hardly be due to 
the presence in the former of a small quantity of a second modifi- 
cation, but rather suggests that the whole or nearly the whole of 
the ortho-compound has a different structure from the meta and 
para. Secondly, if this different structure is that of a more strongly 
acidic substance, it is remarkable that the solubility should be 
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diminished; we should expect it to be increased. Thirdly, the 
argument from colour must be used with caution. No doubt all 
three nitrophenols give strongly coloured salts, either yellow or 
red; but there are great differences in the intensity of the colour, 
which is enormously greater in the ortho-series than in the meta, 
and less again in the para. 

At any rate, our experiments seem to show conclusively that 
there must be some difference of structure beyond the mere 
orientation between ortho-nitrophenol and its meta- and para- 
isomerides. 


II. Solubility in Organic Solvents. 


We hoped to be able to find some non-associated organic solvent 
with which the nitrophenols would form two liquid layers; but 
we were unable to do so. We have, however, measured the solu- 
bilities of the solid substances in toluene, and with less accuracy in 
bromobenzene and ethylene dibromide. The results with toluene 
are given in table III, and plotted in Fig. 4. 


Tasie ITI. 
Nitrophenols and Toluene. 


| Ortho-. Meta-. Para-. 
—— ——— ee qo, ne een, 
P. Temp. P. Temp. P. Temp. 

27-01 — 0-6 4-63 39-6 5-60 62-4 
35-73 + 6-9 6-00 45-8 6-54 66-3 
43-06 12-5 7-03 48-9 9-99 72-2 
52-77 18-5 9-11 54-0 14-22 77-1 

5 59-15 22-3 11-28 58-0 22-41 82-6 

I 66-84 26-1 16-44 64-8 26-4 84-5 

F 74-53 30-0 20-26 67-7 34-67 87-7 

i 81-98 33-7 33-16 71-5 44-45 90-0 
85-88 35-8 46-93 74-5 49-96 91-0 

90-48 38-5 57-71 75-7 61-50 93-8 
93-21 40-1 70-50 78-5 68-69 95-8 

' 95-43 41-6 79-57 82-3 79-80 100-2 
97-87 43-3 91-43 88-8 89-98 105-4 

| 100-00 44-9 100-00 95-1 100-00 113-8 

i It is evident that the whole position of these curves is dominated 

F by the melting points of the pure compounds, and the anomalous 

; behaviour of the ortho-compound does not appear at all. The 

: inflexion of the curves, which is perceptible with the ortho-com- 

‘ 


pound, and very marked with the other two, indicates an approach 
to the condition where two liquid layers are formed. 

From the initial rate of fall of the melting point of the nitro- 
phenol on adding toluene (determined graphically), we can calcu- 


THE SOLUBILITY OF THE NITROPHENOLS, ETC. 1213 


late the freezing-point constant, and also the heat of fusion of the 
nitrophenol. The values obtained are: 
Lowering of freezing 


point by 1 per cent. Freezing point Heat of 
toluene. constant. fusion. 


0-82° 75 
0-85° 78 
0-93° 86 
Using these values, we can calculate from the depression of the 
freezing point by water the association factor of water in nitro- 
phenol solution. We thus find: 
Ortho : association factor of water at 45°, 3-2 
Meta : ~ Po -_ 95°, 1-21 
Para : ~ = aa 114°, 1-22 
The value in o-nitrophenol is very rough, owing to the sparing 
solubility of water in this substance; but it is natural that the 
association factor should be greater at the lower temperature. 
The measurements of solubility in bromobenzene and ethylene 
dibromide were made with less accuracy; but the results are worth 
recording, if only to show the remarkably small difference in solu- 
bilities in these very different solvents. The values given in the 
following table are obtained by interpolation on the curves. The 
corresponding values in toluene are added for the sake of com- 
parison. 


TABLE IV. 
Nitrophenols in Organic Solvents, 


o-Nitrophenol in | p-Nitrophenol in 


Temp. Toluene. C,H,Br. C,H,Br,.. Temp. Toluene. C;H,Br. C,H,Br,. 
15° 46-9 — 40-0 | 70° 18-5 — 31-0 
20 55-2 48-8 47-8 80 28-1 32-7 52-0 
25 64-6 57-7 56-8 | 90 54-4 59-7 73-2 


30 74-6 67-2 67-2 | 100 79-6 80-6 88-5 
35 84-5 78-3 79-0 | 110 96-3 96-3 98-0 
40 93-1 89-7 90-6 | 
The investigation is being extended to other similar substances, 
and the vapour pressures are also being measured. 


We wish to express our thanks to the Chemical Society for a 
grant which was partly expended on this work. 
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CXXXIII.—3-Thiolphenanthrene and Some of its 


Derivatives. 
By Even FIevp. 


Wauitst thiophenols and sulphides of the benzene and naphthalene 
series are well known, no such derivatives of phenanthrene have 
been prepared. Having had occasion to prepare for other purposes 
considerable quantities of potassium phenanthrene-3-sulphonate, 
Dr. G. Barger supplied me with some of this salt, suggesting that 
it should be converted into the corresponding thiolphenanthrene by 
reduction of the sulphonyl chloride already prepared by Werner 
(Annalen, 1902, 321, 267). The sulphur derivatives to be described 
below are very stable, and have mostly been purified by distilla- 
tion under greatly diminished pressure. 3-Thiolphenanthrene is 
characterised by the ease with which it undergoes oxidation to the 
disulphide, thus resembling thionaphthols rather than thiophenol 
itself. 


EXPERIMENTAL, 
3-Thiolphenanthrene, C,,H,)8. 


Ten grams of phenanthrene-3-sulphony] chloride (prepared from 
potassium phenanthrene-3-sulphonate essentially in the manner 
described by Werner) and 40 grams of zinc dust were mixed 
together, and 60 c.c. of concentrated sulphuric acid diluted with 
180 c.c. of water slowly added. When effervescence ceased in the 
cold, the mixture was boiled for two hours under a reflux con- 
denser. The crude thiolphenanthrene was extracted by shaking with 
ether, and the ethereal extract was washed, dried, and evaporated, 
and the residue crystallised from various solvents. It was found, 
however, that it could not be completely purified without distilla- 
tion in a vacuum. The distillate, which solidified to a pale cream, 
crystalline mass, was almost pure, but could be further purified by 
recrystallisation from a mixture of benzene and light petroleum. 
It is also moderately soluble in hot alcohol, from which solvent it 
crystallises in rhombohedral plates, melting at 112—113° and 
boiling at 205—210°/2 mm.: 

0°1273 gave 0°3740 CO, and 0°0554 H,O. C=80°1; H=4°'8. 

C,H, 9S requires C=80°0; H=4'8 per cent. 

As might be expected, 3-thiolphenanthrene is readily soluble in 
sodium hydroxide, but owing to the readiness with which alkaline 
solutions of this product are oxidised by atmospheric air, a sodium 
salt cannot be isolated, but the solution rapidly becomes turbid, and 
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an amorphous precipitate of diphenanthryl sulphide is obtained. 
A lead salt is readily obtained as a deep yellow precipitate by 
mixing hot alcoholic solutions of lead acetate and thiolphenanthrene 
in molecular proportions. 


Phenanthrene 3-Disulphide, (C,4H,8)s. 


Although phenanthrene 3-disulphide can be obtained by allow- 
ing a solution of 3-thiolphenanthrene in alkali to remain exposed 
to the air for some time, and then removing unchanged thiolphen- 
anthrene by shaking the acidified solution with ether, in which the 
disulphide is insoluble, it is best obtained by oxidising 3-thiolphen- 
anthrene with an alcoholic solution of iodine. 

Half a gram of 3-thiolphenanthrene was dissolved in 50 c.c. of 
absolute alcohol, and an alcoholic solution of iodine added in slight 
excess. A cream-coloured, crystalline precipitate separated at once 
in almost quantitative yield. It crystallised from benzene in short, 
stout needles, melting at 165°: 

0°1062 gave 0°3110 CO, and 0°0410 H,O. C=79°9; H=4°3. 

(C,\,H,S). requires C=80°4; H=4°3 per cent. 


3-Methylthiolphenanthrene, C,,Hg*S:CHs. 


3-Methylthiolphenanthrene can be obtained by the usual method 
of preparing ethers by the action of the alkyl iodide on an alcoholic 
solution of the sodium salt of the thiophenol, but care must be 
taken to exclude all air, in order to prevent oxidation of the thiol- 
phenanthrene. Five grams of 3-thiolphenanthrene were heated on 
a water-bath for two hours with 10 c.c. of methyl iodide and 
50 c.c. of absolute alcohol in which 1 gram of sodium had previ- 
ously been dissolved. A gentle current of hydrogen was passed 
into the flask through the reflux condenser during the operation. 

After evaporating off the alcohol the product was extracted with 
ether, and finally purified by distillation under diminished pressure. 
It distils as a pale amber, viscid syrup, which crystallises on keep- 
ing in short, rather blunt aggregates of needles, melting at 100° 
and boiling at 240°/12 mm.: 

0°1928 gave 0°5666 CO, and 0°0938 H,O. C=80°1; H=5'4. 

C,;H,,.8 requires C=80°3; H=5°35 per cent. 


3-Phenanthraquinonyl Methyl Sulphone, C,4H,0,°SO,.°CHs. 


When 3-methylthiolphenanthrene is oxidised by chromic acid a 
sulphone is produced, oxidation of the phenanthrene ring also 
taking place with the formation of a quinone, as is indicated by 
the deep orange colour of the product. 


4.L2 
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Half a gram of 3-methylthiolphenanthrene was dissolved in 5 c.c. 
of glacial acetic acid, and 1 gram of chromium trioxide in a satur- 
ated solution of glacial acetic acid slowly added, the mixture being 
boiled for a few minutes after each addition. When the whole of 
the chromic acid solution had been added, the mixture was poured 
into 100 c.c. of cold water, when an orange, semi-crystalline precipi- 
tate (0°3 gram) was slowly deposited from the solution. The product 
was insoluble in water or alcohol, and sparingly soluble in acetic 
acid. It crystallises from 90 per cent. acetic acid in orange- 
coloured needles, melting and decomposing at 280—282°: 

0°1174 gave 0°2690 CO, and 0°0376 H,O. C=62°5; H=3°6. 

C,;H,0,8 requires C=62°9; H=3'5 per cent. 


Diphenanthryl 3-Sulphide, (C\,Hg).S. 


A solution of 4°2 grams of thiolphenanthrene in absolute alcohol 
was mixed with an alcoholic solution of 3°26 grams of lead acetate 
in the cold, when a bright, chrome-yellow, amorphous precipitate 
was formed. After collecting and drying at 100°, 5 grams of the 
product were distilled under diminished pressure. A small quantity 
of thiolphenanthrene passed over at about 200°/2 mm., the main 
bulk of the product distilling at about 330—360°; the yield of 
crude product was about 2 grams. After treating with ether to 
remove thiolphenanthrene, the bulk of the product, which was 
insoluble in ether, distilled at 360°/2 mm. It crystallises from 
glacial acetic acid, in which it is only very sparingly soluble, in pale 
cream, radiating needles, melting at 225°. It can also be crystal- 
lised from boiling nitrobenzene or xylene. It is exceedingly stable 
and very difficult to burn, and would appear to be one of the least 
volatile of organic substances which have been distilled : 

0°0894 gave 0°2832 CO, and 0°0406 H,O. C=864; H=5°0. 

0°5850 ,, 0°3858 BaSO,. S=9°05. 

C,,H,,.8 requires C=87'°0; H=4'7; S=8'3 per cent. 


3-A cetylthiolphenanthrene, C,4H *S*CO-CHsg. 


One gram of 3-thiolphenanthrene was heated on a water-bath 
with 3 ec.c. of acetyl chloride for two hours. The product was 
poured into water, sodium hydroxide was added, and the alkaline 
solution was extracted with ether. After removal of the ether a 
pale, cream-coloured solid was obtained, which crystallised from 
light petroleum in radiating needles, melting at 93°. It is also 
fairly readily soluble in alcohol: 

0°1560 gave 0°4343 CO, and 0°0670 H,O. C=75°9; H=4°8. 

C,,H,.OS requires C=76°2; H=4'8 per cent. 
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3-Benzoylthiolphenanthrene, C,,H*S-CO-C,H;. 


One gram of 3-thiolphenanthrene and 3 c.c. of benzoyl chloride 
were heated together in a glycerol bath to 150—160° for three 
hours. The ethereal extract yielded a white, imperfectly crystalline 
product, which was best purified by distillation in a vacuum. It 
crystallised from light petroleum in clusters of needles melting at 
115°. It also crystallises well from alcohol or glacial acetic acid: 

0°0958 gave 0°2818 CO, and 0°0392 H,O. C=80°2; H=4°5. 

C,,H,,OS requires C=80°2; H=4'4 per cent. 


The author desires to express hearty thanks to Dr. G. Barger 
for supplying the material for this investigation. The expenses 
of this work, carried out at Goldsmith’s College, have been met by 
a grant from the Research Fund of the Chemical Society, of which 
grateful acknowledgment is made. 


BEeprorp COLLEGE FoR WoMEN, 
REGENT’s Park, N.W. [Received, June 21st, 1915.] 


CXXXIV.—An Oxidation Product of Pyrogallol. 


By MAaxtMILiAn NIERENSTEIN. 


One of the most important substances in the investigation of 
purpurogallin is the product of the formula C,H,O, (?) discovered 
by A. G. Perkin (P., 1914, 29, 355), and obtained by the oxidation 
of pyrogallol by means of isoamyl nitrite (T., 1906, 89, 802) and 
p-benzoquinone (T., 1913, 108, 661). This substance yields pur- 
purogallin when digested with water, and represents an important 
intermediate product between pyrogallol and purpurogallin. The 
author and Spiers (Ber., 1913, 46, 3151) have therefore also com- 
menced an investigation of this substance, but have since been 
requested by Prof. A. G. Perkin to discontinue work on the 
subject. The present research, which deals with the investigation 
of the oxidation of pyrogallol in alkaline solution, was therefore 
undertaken with the intention of elucidating the formation of 
purpurogallin from another point of view, especially as Berthelot 
(Compt. rend., 1893, 126, 1068, 1459), when oxidising pyrogallol 
under the same conditions, obtained a product which he regards 
as a hydrate of purpurogallin. Harries (Ber., 1902, 35, 2954), on 
the other hand, isolated a hexahydroxydiphenyl when using air 
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and barium hydroxide. This substance is 2:3:4:2/:3/:4/-hexa- 
hydroxydipheny] (I), as shown by Nierenstein and Rixon (Annalen, 
1912, 394, 249). The oxidation of pyrogallol in potassium hydr- 
oxide solution gives, among other products, 2:3: 2!:3/:2” :3”-hezxa- 
hydroxytriphenoquinone (II), which, together with its derivatives, 
is described in the present paper. The result thus obtained, how- 
ever, does not in any way further our knowledge of the formation 
of purpurogallin, but only shows that the oxidation proceeds on 
lines indicated both theoretically and experimentally by the investi- 
gation of Harries (loc. cit.). 

The positions of the hydroxyl groups in the quinone are deduced 
from those in the hexahydroxydiphenyl (I), and from the fact 
that the quinone gives a pure green coloration with ferric chloride, 
but can only be regarded at present as tentative, as all attempts 
to decompose the quinone have failed. On reduction the quinone 
yields the corresponding 2:3: 2/:3/:4/:2":3":4"-octahydrozy-1 :4- 
diphenylbenzene (II1). Also from this substance no definite decom- 
position product was obtained. On the other hand, the oxidation 
of the reduction product gave rise to the formation of an interest- 
ing substance, which resembled purpurogallin in its properties 
and colour reactions. The investigation of this substance is still 
in progress, and the results will be published later. 
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ExPERIMENTAL, 
2:3:2':3/:2":3"-Hexahydroxytriphenoquinone (II). 


Ten grams of pyrogallol are dissolved in 100 c.c. of 2N-potassium 
hydroxide, and a currert of air is passed through until an ethereal 
extract of the acidified solution no longer gives with ferric chloride 
the blue colour characteristic of pyrogallol. The operation takes 
about two to three hours. The solution is then acidified, extracted 
with ether, and the solid obtained after evaporation of the ether 
dissolved in 30—50 c.c. of absolute alcohol. To the solution are 
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then added 20—30 c.c. of chloroform, when a black precipitate is 
formed, which is collected and dried in a current of hydrogen. 
The crude product for which the name “ pyrogallol-black” is 
suggested weighs 3°8—4°7 grams. When extracted in a Soxhlet 
apparatus with carbon tetrachloride it yields the quinone, which 
is obtained on evaporation of the solvent under diminished pressure 
(8—11 mm.) in the form of a yellow powder (0°7—0°9 gram). It 
crystallises from carbon tetrachloride in small, yellow needles, 
which melt and decompose at 274—-275°. The quinone is scarcely 
volatile in steam, but if left in a desiccator for some time slowly 
volatilises in the form of small, yellow needles, which have the 
pronounced odour of a quinone. It turns dark brown in an 
akaline solution, and reduces silver nitrate and Fehling’s solution. 
With ferric chloride it gives a pure green colour, which is perman- 
ent even after some time: 

0°2136 gave 0°4762 CO, and 0°0714 H,O. C=60°82; H=3°75. 

0°1750, in 23°40 benzene (K =50), gave At=0°104°. M.W.=360. 

0°2154, ,, 2661 ,, (K=50), ,, A¢=0°110°. M.W.=368. 

C,,H,,.0, requires C=60°68; H=3°38 per cent. M.W.=356. 

The phenylhydrazone, C,gHg(OH).(N-NH-C,H;)., crystallises 
from alcohol in brown needles, which melt and decompose at about 
304—308° : 

0°1817 gave 14°20 c.c. N, (moist) at 13° and 766 mm. N=9°28. 

Cyp9H.,O,N, requires N=9°13 per cent. 

The p-bromophenylhydrazone, C,,Hg(OH).(N-NH°C,H,Br),, 
erystallises from glacial acetic acid in long, red needles, which melt 
and decompose at about 312—314°: 


0°1830 gave 0°'1003 AgBr. Br=23°32. 
Cy9H..0,N Br, requires Br = 23°33 per cent. 


2:3:2/:3':4!:2" 3" :4"-Octahydrozy-1 :4-diphenylbenzene (III). 


Two grams of the quinone were heated with 150 c.c. of acetic 
anhydride and 25 grams of zinc dust for five hours, and the filtered 
solution, when cold, was diluted with water. The white precipitate 
thus obtained gave on hydrolysis 1‘78—1°84 grams of crude phenol, 
which crystallised from water in needles resembling pyrogallol. It 
crystallises with one molecule of water (Found,* H,O=4'52. 
C,3H,,0,,H,O requires H,O=4°78 per cent.), and melts and decom- 
poses at 329—333°. The anhydrous product, on the other hand, 
commences to darken at about 250—270°, and apparently melts at 
300—320°, and in this respect resembles hexahydroxydiphenyl 


* Dried at 140—145°. 
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(Nierenstein and Rixon, Joc. ci’.). Like pyrogallol it absorbs 
oxygen in alkaline solution, and when oxidised by the different 
methods used in the preparation of purpurogallin (Nierenstein 
and Spiers, Joc. cit.) it yields a red product, which in every way 
resembles purpurogallin. The coloration with ferric chloride is 
pure blue, but rapidly becomes greenish-blue, probably due 
to the formation of the quinone. 

In addition to the usual analysis, hydroxyl estimations by the 
Tschugaev-Zerewitinov method (Ber., 1902, 35, 3913; 1907, 40, 
2023 ; 1908, 41, 2233; 1910, 43, 3590; 1914, 47, 1659) were made, 
the modified apparatus of Nierenstein and Spiers (/oc. cit.) being 
used : 

0°2002 * gave 0°4412 CO, and 0°0738 H,O. C=60°12; H=4'12. 

0°0697* ,, 37°3 c.c. CH, at 15° and (766—11) mm. OH =37°87. 

0°0528* ,, 28°8c.c. CH, at 15° and (768—11) mm. OH=38'45. 

C,,H,(OH), requires C=60°34 ; H=3°91 ; OH=37°98 per cent. 

The distillation of 2 grams of the substance with zinc dust gave 
an oil which solidified after keeping on ice, and melted after several 
crystallisations from alcohol at 207—208° (209°5°, corr.). The 
melting point of 1:4-diphenylbenzene, according to Méhlau and 
Berger (Ber., 1893, 26, 1998), is 205°; the corrected melting point 
given by Carnelley (T., 1880, 37, 1998) is 212—213°. 

The octa-acetyl derivative, C,,H,O,(CO°CH3,),, was prepared by 
boiling with acetic anhydride. It crystallises from alcohol in long 
needles, which melt at 262—264°: 

0°2216 gave 0°4824 CO, and 0°0972 H,O. C=59°37; H=4°91. 

Cy,H 0, requires C=58°79; H=4°33 per cent. 

The octa-p-nitrobenzoyl derivative, C,,H,O,(CO-C;H,-NO,)., was 
prepared by the action of p-nitrobenzoyl chloride in alkaline solu- 
tion, a steady current of hydrogen being passed through the 
solution during the reaction. It crystallises from alcohol in cubes, 
which melt at 250—252°: 

0°1354 gave 8°6 c.c. Ny (moist) at 21° and 766 mm. N=7°26. 

C,,H3,03.N, requires N=7°23 per cent. 
Bro-CHemicaL LABORATORY, 


CHEMICAL DEPARTMENT, 
UNIVERSITY OF BRISTOL. [Received, July 1st, 1915.] 


* Dried at 140—145°. 
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CXXXV.—The Influence of Configuration on _ the 
Condensation Reactions of Polyhydroxy- 
compounds. Part II. The Effect of Borie Acid 
on the Conductivity and Specific Rotation of 
Methylated Derivatives of Mannitol. 


By James Cotqunoun Irvine and Ertie Stewart STeExez. 


In Part I. of this research (Irvine and Paterson, T., 1914, 105, 
898) it has been shown that the configuration of mannitol may be 
deduced from a study of its isopropylidene derivatives and of 
the methylated hexitols derived from them. It was then pointed 
out that the terminal primary hydroxyl groups in the mannitol 
molecule do not appear to possess free rotation, but assume prefer- 
entially the fixed positions indicated in the following formula, 
where, to facilitate subsequent reference, the six hydroxy] groups 
are indicated by numbers: 


The essential part of this idea is the assumption that, although 
mannitol possesses a configuration which is apparently symmetrical, 
the terminal groups are differently arranged, and thus affect the 
reactions of the compound. According to current views, a di-deriv- 
ative of mannitol involving the groups 1 and 2 would be identical 
with one in which 5 and 6 were similarly substituted. In all 
probability this would not be the case, although, so far, no 
isomeric pair of compounds of this nature has been prepared. It 
is, however, possible to compare the reactive powers of the groups 
1, 2, and 5, 6 by physical methods, and this is described in the 
present communication. 

In a striking and suggestive paper (Ber., 1913, 46, 2612) 
Béeseken has shown that the exaltation in specific rotation shown 
by certain polyhydroxy-compounds in the presence of boric acid 
is always accompanied by a notable increase in conductivity. His 
results lead to the conclusion that this joint effect is only encoun- 
tered when two hydroxyl groups are attached to neighbouring 
carbon atoms and are arranged on the same side of these atoms. 
In extending these generalisations from compounds of simple type 
to substances allied to the sugars, it is evident that the problem 
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becomes extremely complex as various pairs of hydroxyl groups 
may be involved in the reaction with boric acid, and it is thus 
impossible to identify with certainty the particular fractions of 
the molecule which are actually responsible for the changes in 
rotation and conductivity. We have accordingly applied 
Béeseken’s methods to a series of derivatives of mannitol, in which 
selected hydroxyl groups were substituted and the remainder left 
exposed to the action of the boric acid, with the result that our 
ideas regarding the structure of mannitol have been confirmed 
and strong support given to Béeseken’s interpretation of his 
results. 

The experimental methods used were similar to those adopted 
by Béeseken, and the degree of accuracy of the determinations is 
also comparable. In the first place, conductivity measurements 
were made on aqueous solutions of each compound, the concentra- 
tion being halved in the succeeding determinations. Thereafter, 
in parallel experiments, the same compound was examined through- 
out the same series of concentrations in NV /2-boric acid solution. 
The concentration of the boric acid was thus constant in all the 
determinations, and, as the temperature of the solutions was 25° 
throughout, variable factors were reduced to a minimum. 

As the main object of the research was to ascertain if the 
terminal primary group No. 1 assumes preferentially a position 
adjacent to the secondary group No. 2, and as, moreover, most of 
the experiments were conducted on methylated derivatives, it was 
necessary to test the application of the method to the methyl ether 
of an a-glycol. For this purpose glycerol a-methyl ether (T., 1915, 
107, 337) was selected, the following results being obtained : 


Conductivity of Glycerol a-Methyl Ether, 
MeO-CH,°CH(OH)-CH,°OH. 


i II. III. IV. V. 
K x 108 
Kx 10 in N/2- Factor. 
Concentration. in water. boric acid. Difference. Exaltation. I+Il. 
N/2 116-4 75-5 — 40-9 — 70-2 1-54 
N/4 83-4 59-3 — 24-1 — 53-4 1-41 
N/8 57-3 47-1 —10-2 — 39-5 1-22 
N/16 41-8 40-9 — 0-9 — 30-2 1-02 


The figures in column 3 show the observed change in conduc- 
tivity. In the fourth column these values are corrected for the 
conductivity of the boric acid used, which showed, in V/2-solution, 
K x 106=29°3. The last column contains the ratios of the higher 
to the lower values determined. 

It will be seen that the effect of boric acid is to depress the 
conductivity of the glycerol ether appreciably, but that the ratios 
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in column 5 are small numbers. Moreover, the depressions and 
ratios diminish with diminishing concentration, and this holds 
generally, although not uniformly, for all the cases studied by us 
which gave positive results. It would thus appear that glycerol 
a-methy! ether does react to some extent with boric acid. The effect 
on the conductivity is, however, comparatively slight, and is not 
an exaltation, but a depression. This agrees with the results obtained 
in the case of glycols by Béeseken, who pointed out that this 
behaviour was probably due to the repulsion exercised by adjacent 
hydroxyl groups. According to this view, glycerol a-methyl ether 
would be represented by the structure: 


OH 
| 
MeO°CH,-CH-CH, , 
| 
OH 


and the results quoted above, which show that the methyl group 
exercises no disturbing effect, have an important bearing on the 
subsequent structural discussion. 

Satisfied that the conductivity method can be applied to poly- 
hydroxy-ethers, we extended our observations to the series of 
methylated mannitols. The following derivatives of mannitol were 
available for examination, the numbers attached to each showing 
the position of the substituting groups and also of the groups 
exposed to reaction with the boric acid: 


Position of the Position of the 

Compound. substituting groups. hydroxyl groups. 
I vicidnindssranceviessansaissinisines - 1,2,3,4,5,6. 
videt-Tetramethyl mannitol ......... 3,4,5,6. 1,2. 
Byeé-Tetramethyl mannitol ......... 2,3,5,6. 1,4. 
Pentamethyl mannitol.................. 2,3,4,5,6. 1. 
Mannitoldiacetone  ..............000ee0e 1,2,3,4. 5,6 
Mannitolmonoacetone ...........eeeee08 1,2. 3,4,5,6. 


In this series the contrast between a positive and a negative 
reaction is best shown by comparing the cases of mannitol and 
pentamethy! mannitol. 


Conductivity of Mannitol. 


I. II. III. IV. V. 
K x 106 
K x 108 in N/2- Factor. 
Concentration. in water’ boric acid. Difference. Exaltation. Il+I. 
N 92-9 1078 985-1 +955-8 11-6 
N/2 61-6 704-2 642-6 613-3 11-4 
N/4 36-9 407-5 370-6 341-3 11-0 
N/8 22-4 223-3 200-9 171-6 9-9 
N/16 15-0 123-7 108-7 79-4 8-2 
N/32 73-6 62-6 33-3 6-7 
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Here the exaltation is very marked, and the factor is large. Both 
values diminish with diminishing concentration, as is usually the 
case when the effect is positive. Widely different results were 
obtained with pentamethyl mannitol. 


Conductivity of Pentamethyl Mannitol, 
MeO-CH,*[CH-OMe},-CH,-OH. 


I. II. III. IV. V. 
Kx 108 
K x 108 in N/2- 
Concentration. in water. boric acid. Difference. Exaltation. Factor. 
N/2 44-2 54-2 10-0 —19-3 1-2 
N/4 30-1 43-2 13-1 — 16-2 1-4 
N/8 20-5 37-1 16-6 —12-7 1-8 
N/16 15-2 32-7 17-5 —11-8 2-1 
N/32 14-0 30-6 16-6 —12-7 2-2 


In this case the effect of the boric acid is slight, and the factor, 
which increases with diminishing concentration, is correspondingly 
small. Moreover, the result is a depression of the conductivity, so 
that pentamethyl mannitol behaves as a typical monohydroxy- 
compound. 

The figures thus established for mannitol and pentamethyl 
mannitol make it possible to discriminate sharply between positive 
and negative results in this series. 

In the case of eg-dimethyl mannitol, where four hydroxyl groups 
are free, the determinations were restricted to four concentrations 
on account of the difficulty in preparing the compound on the 
large scale. 


Conductivity of €-Dimethyl Mannitol, 
MeO-CH,*CH(OMe)-[CH-OH],°CH,-OH. 


I. II. III. IV. V. 
K/108 
Kx 108 in N/2- 
Concentration. in water. boric acid. Difference. Exaltation. Factor. 
N/4 33-6 405-9 372-3 + 343-0 12-1 
N/8 21-8 227-9 206-1 176-8 10-4 
N/16 15-4 127-7 112-3 83-0 &-3 
N/32 11-3 74-7 63-4 34-1 6-6 


The result is positive, as the exaltation is marked and the factor 
large. Both values diminish with decreasing concentration. A 
noteworthy point is that the magnitude of the exaltation is practi- 
cally identical with that observed for mannitol at the same concen- 
trations, so that the exposure of hydroxyl groups 1, 2, 3, and 4 
gives the same result as when all six hydroxyl groups are free. 
Groups 5 and 6 have thus very little effect, and are evidently 
repelled from each other as in a glycol. 
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Groups 1 and 2 might, on first inspection, be expected to behave 
similarly, but such is not the case, as was shown by the examina- 
tion of yde{-tetramethyl mannitol. 


Conductivity of ybet-Tetramethyl Mannitol, 
MeO-CH,*[(CH-OMe}],*CH(OH)-CH,°OH. 


I. II. III. IV. V. 
K x 108 
K x 108 in N/2- 
Concentration. in water. boric acid. Difference. Exaltation. Factor. 
N/2 86-9 682-0 595-1 +- 565-8 7-8 
N/4 64-7 410-6 345-9 316-6 6-3 
N/8 42-8 229-6 186-8 157-5 5-4 
N/16 27-3 126-9 99-6 70-3 4-6 
N/32 19-6 73-1 53-5 24-2 3-7 


The exaltation is marked, and diminishes with dilution, so that 
the result is evidently positive. This is an important point. The 
compound is an a-glycol, yet, unlike other a-glycols, instead of 
depressing the conductivity, it behaves like mannitol itself, and 
increases the conductivity remarkably. Moreover, the magnitude 
of the exaltation at each concentration is comparable with that 
observed in the case of mannitol under the same conditions. 

When the above result is compared with that obtained with the 
isomeric Byeg-tetramethyl mannitol, the fact that the hydroxyl 
groups which react with boric acid must be attached to adjacent 
carbon atoms is well emphasised. 


Conductivity of Bye-Tetramethyl Mannitol, 
MeO-CH,*CH(OMe)-CH(OH)-[CH-OMe],-CH,OH. 
I. II. Til. IV. ¥. 
K x 10° 


Kx 108 in N/2- 
Concentration. in water. boric acid. Difference. Exaltation. Factor. 


N/4 110-7 120-0 9-3 — 20-0 1-08 
N/8 75-8 86-2 10-4 —18-9 1-14 
N/16 48-6 60-4 11-8 —17-5 1-24 
N/32 30-8 45-4 14-6 —14-7 1-47 


The conductivity is depressed throughout the series of concen- 
trations; the factor is small, and increases with dilution, so that 
the result is typically negative. Unlike the. isomeride referred to 
above, the compound shows conductivity changes of the same nature 
and magnitude as pentamethyl mannitol, and thus behaves like a 
monohydric alcohol or y-glycol. 

The part played by other combinations of hydroxyl groups in 
affecting the conductivity of boric acid was ascertained by exam- 
ination of the mannitol-, di-, and mono-acetones. As these com- 
pounds are in the course of time hydrolysed by the acid, the deter- 
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minations were restricted to three concentrations, and great 
accuracy cannot be claimed for the values obtained, although, as 
a precaution against error, the conductivity measurements were 
discontinued as soon as control solutions showed changes in specific 
rotation. It is significant that the results obtained were negative 


in each case. 


Conductivity of Mannitolmonoacetone, 
OH-CH,°[CH-OH],-CH-CH, 
| | 
Oo O 


Pd 
CMe, 


Il. III. IV. V. 
Kx 10° 
Kx 10 in N/2- 
Concentration. in water. boric acid. Difference. Exaltation. Factor. 


N/4 88-6 99-5 10-9 — 18-4 1-12 
N/8 66-8 71-4 4-6 — 24-7 1-07 
N/16 61-4 62-8 1-4 — 27-9 1-02 


Owing, no doubt, to slight hydrolysis, it was a matter of some 
difficulty to obtain constant readings, but it is evident that the 
compound behaves like a glycol, and fails to give rise to the 
exaltations in conductivity which the hydroxyl content would 
suggest. 

Conductivity of Mannitoldiacetone, 
OH:-CH,°CH(OH): On: Cm: On: OH, 


O d b d 
WY +4 
CMe, CMe, 
I. II. Ill. IV. V. 
K x 10° 
K x 108 in N/2- 

Concentration. in water. boric acid. Difference. Exaltation. Factor. 
N/8 99-3 91-2 —8-1 —37-4 1-08 
N/16 85-4 84-7 —0-7 — 30-0 . 1-01 
N/32 80-3 76-9 —3-4 — 32-7 1-04 


The depression is nearly uniform throughout, and confirms the 
idea that groups 5 and 6 are opposed. 


Discussion of Results, 


The general nature of the results is best summarised when the 
changes of conductivity are plotted in the form of curves. For 
this purpose the values in columns 1 and 2 have been used, and 
Figs. 1, 2, 3, 4, and 6 show the effect of boric acid when the result 
is negative, owing to the presence of a single hydroxyl group or 
to the existence of pairs of such groups opposed in space. On the 


CONDENSATION REACTIONS OF POLYHYDROXY-COMPOUNDS. 1227 


other hand, the sharp contrast presented when the result is positive 
is shown in Fig. 7, where the curves representing the values deter- 
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mined for dimethyl mannitol and for ydet-tetramethyl mannitol 
are plotted on a reduced scale. It is significant that the conduc- 
tivity curves for these compounds dissolved in boric acid are practi- 
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cally coincident, and fall on the same points as that for mannitol 
itself. 

The combined results confirm the structure for mannitol given 
in the introduction, and show that, although the compound 
contains six reactive hydroxyl groups, Nos. 1 and 2 are unique, 
and are principally responsible for the exaltation of conductivity. 
This is seen by comparison of the exaltation exhibited in 


800 
Conductivity of €&-Dimethyl Mannitol 


and 


600ly seg - Teframethy| Manrnlol 


400 


Kx 10°, 


200 


Salvent.- Waler. 


—— -———— oe eee Fig : 
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Concentration. 


equivalent concentration by mannitol, dimethyl mannitol, and 
yde(-tetramethyl mannitol. 


Exaltations in N/2-Borie Acid (K x 10°). 


Concentration. Mannitol. Dimethyl mannitol. Tetramethyl mannitol. 
N/2 613-3 — 565-8 
N/4 341-3 343-0 316-6 
N/8 171-6 176-8 157-6 
N/16 79-4 83-0 70-3 
N/32 33-3 33-8 24-2 


The magnitudes are of the same order throughout, although 
in B and C respectively only four and two hydroxyl groups are 
free. The only common factor in the three compounds A, B, and 
C, is the existence of groups 1 and 2 in the unsubstituted state, 
and these groups are evidently the only fractions of the molecule 
which react appreciably in the positive sense with boric acid. In 
other words, the pairs 5, 6 and 3, 4 behave as if they are thrust 
apart, whilst in the pair 1, 2 the groups must lie in proximity. 
‘This is in strict agreement with the new formula for mannitol, 
and is supported by the negative results obtained with mannitol-, 
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di-, and mono-acetone. In these two cases the depressions in con- 
ductivity observed show that the hydroxyl groups involved are 
arranged as in glycols. 

Although as a rule the optical rotation of active polyhydroxy- 
compounds is notably increased by the addition of boric acid, optical 
changes of this nature do not seem to be so diagnostic as conduc- 
tivity measurements as an index of configuration. This is shown 
below, where the specific rotations of all the compounds examined 
are compared for aqueous and NW /2-boric acid solutions: 


Result of the [a];. 
conductivity [aj in N/2- 

Compound. Cc. test. in water. boric acid. Difference. 
PINE ecusnenisasiens positive. — 0-25° + 28-3° -+-28-55° 
e(-Dimethyl mannitol N/4 _ positive. — 7:35 — 3:88 +- 3-47 
v5e(-Tetramethyl 

mannitol ......... N/8 positive. — 13-02 — 6-72 -+- 6-30 
Bye¢-Tetramethyl 

mannitol ......... N/8 negative. -+-38-54* + 40-64 +- 2-10 
Pentamethyl mannitolN/2 negative. -+ 7-54 ‘4+. 8-25 -+- 0-71 
Mannitolmonoacetone N/4 negative. +-30-61 -+- 29-50 — |-1l 
Mannitoldiacetone ... N/8 negative. + 23-04 +22-43 — 0-61 


* This value replaces that quoted by Irvine and Paterson (loc. cit., p. 915). 


Although, on the whole, the rotations of the compounds which 
show no exaltation in conductivity are but little affected by the 
addition of boric acid, the change in rotation is comparatively 
slight in the case of the methylated mannitols which gave pro- 
nounced exaltation of conductivity. Determination of the latter 
values, therefore, seems to be more trustworthy than the estimation 
of optical effects in gaining an insight into configuration, and this 
adds materially to the value of Béeseken’s methods. The point is 
of considerable practical importance, and may affect the constitu- 
tion provisionally ascribed to y-glucose (Irvine, Fyfe, and Hogg, 
this vol., p. 533). 
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CXXXVI.-—The Mechanism of Mutarotation in Aqueous 
Solution. 


By James Cotquuoun Irvine and Ertie Stewart STEELE. 


So far as the stereochemistry of the sugar group is concerned, the 
most important application of Béeseken’s conductivity method (see 
preceding paper) is found in the allocation of definite configurations 
to a- and B-glucose. 

The conductivity of a-glucose, in the presence of boric acid, 
decreases during mutarotation, whilst in the case of the 8-form the 
reverse holds true, and the conductivity increases until the equili- 
brium a= 8 is established. This is interpreted by Béeseken as a 
proof that in aglucose the hydroxyl component of the reducing 
group is initially in the cis-position with regard to the neighbour- 
ing hydroxyl group, and that the formation of 8-glucose results in 
the same groups assuming a (¢ravs-configuration. The structures 
thus deduced for the two forms of the sugar are consequently those 
shown below: 


eeteneeee 
eeerereee 
eeeeeteee 
eeerereee 
eeeeereee 


a-Glucose. 


In order to simplify reference, numbers are ascribed to the 
different position in the sugar chain to which hydroxyl groups are 
attached, or may become attached. 

The results obtained by Béeseken are certainly convincing, and, 
on first inspection, appear capable of no interpretation other than 
that which he suggests. Some of his conclusions are debated in 
the following communication, but, at the same time, we are of the 
opinion that they are of great importance, and are worthy of closer 
criticism than he himself applied to them. 

Béeseken assumes that the hydroxyl groups 5 and 6 are arranged 
as in glycols, and are repelled from each other, so that groups 1 
and 2 constitute the only pair which influences the conductivity 
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of the boric acid in the positive sense. Considering, however, the 
results of our investigations on the structure of mannitol, it is 
not absolutely certain that the groups 5 and 6 are opposed, or 
that they are arranged in the same manner in both a- and B-glucose. 
Nevertheless, as the group 1 is the most reactive part of the molecule 
it is doubtless concerned in the reaction with boric acid, so that, 
in view of the results described in the preceding paper, in which 
it is shown that even when several hydroxyl groups are present in 
a compound the reaction with boric acid may be confined to one 
pair of such groups, Béeseken’s conclusions seem, so far, justified, 
it will be shown later, however, that the problem is not so simple 
as might, on first inspection, appear, and that other factors must 
be taken into account. 

Apart from the stereochemical problem of configuration, 
Boeseken also points out that his results have a bearing on the 
mechanism of mutarotation, and are opposed to the view that the 
change involves the intermediate formation of the aldehydic or 
aldehydrol forms shown below: 


C. D. 
CHO CH(OH), 


H-C-OH H-C-OH 


HO-C-H HO-C-H 
H-C-O0H H-C-OH 
H-C-OH H-C-OH 

OH,-OH OH,-OH 


Now, in C there is at least one pair of cis-hydroxyl groups (4 and 
5) presented to the boric acid, and an alternative pair (5 and 6) 
would also be favourably placed if the hydroxyl component of the 
terminal CH,*OH group is attracted to the same side as 5. The 
same pairs are available in D, and, in addition, hydroxyl groups are 
now suitably attached in positions 1 and 2. Béeseken maintains, 
however, that the exaltation in conductivity shown by a-glucose is 
not consistent with the idea that compounds of the types C and D 
are produced transiently during mutarotation, as the exaltation 
shown by the sugar is much less than that exhibited by erythritol or 
sorbitol. He also concludes that mutarotation proceeds without 
rupture of the y-oxidic ring, and that his results are favourable to 
the theory that the change involves the addition of water to the 
oxygen atom of the ring, although he delays a definite opinion on 
this question. 

From what is said above, it will be seen that the conductivity 
of compounds @ and D in the presence of boric acid would be the 

4m 2 
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sum of (1) depressions caused by the hydroxyl groups arranged in 
pairs in the trans-position, and (2) the exaltations due to similar 
groups in the cis-position. As both factors are unknown, the 
comparison with erythritol or sorbitol seems invalid. 

Again, if the mutarotation of glucose proceeds through the 
addition of water (E. F. Armstrong, T., 1903, 83, 1305) to the 
oxygen atom of the ring, conditions are developed which further 
affect Béeseken’s conclusions. An additional hydroxyl group would 
then be introduced into position 7 (formule A and B), where it 
would be favourably placed to react with boric acid in conjunction 
with the hydroxy-component of the reducing group (1). 


H 0H(1) 
\/4 
te OH (7) 
H-C-OH ~~, / 
2) >0 
HO-G-H “- Na 
HC 


If this structure represents a stage in mutarotation, the question 
at once arises as to which of the pairs, 1, 2 or 1, 7, are responsible 
for the conductivity changes. Bdéeseken confines his attention to 
the former pair, and his formula for a-glucose is based on the 
assumption that this is the only reactive pair, but obviously his 
conclusions would be affected by the production of definite evidence 
of the formation of an oxonium hydrate. 

It is evident that in conductivity studies a sharp distinction must 
be drawn between (a) alcohols related to the sugars, (b) glucosides, 
and (c) reducing sugars. In the first-mentioned class there is no 
specially reactive group and no internal oxygen ring present, so 
that these alcohols represent the simplest cases. In glucosides, 
however, the oxygen atom of the ring may give rise to oxonium 
derivatives, and, in reducing sugars, this factor is also present, 
together with further complications to which the transformations 
of the reducing group may give rise. 

Obviously the clue to the mechanism of mutarotation in aqueous 
solution is to be found in (a) the production of evidence as to 
whether or not water becomes added to the sugar during the 
change, and (b) evidence as to whether the new hydroxyl group 
thus introduced is attached to the terminal carbon atom of the 
chain or to the oxygen atom of the ring. These questions may be 
solved by applying Béeseken’s conductivity method to a fully 
methylated sugar, and for this purpose we have selected tetra- 
methyl glucose. In order to gain an insight into the behaviour 


MUTAROTATION IN AQUEOUS SOLUTION. 1283 


of the ring-forming oxygen atom, our first experiments were carried 
out on tetramethyl a-methylglucoside. 

This compound contains no hydroxyl group, or potential hydroxy] 
group, but nevertheless showed in aqueous solution a comparatively 
high conductivity, which is influenced in a striking manner by the 
addition of boric acid. 


Conductivity of Tetramethyl a-Methylglucoside, 
MeO-CH,*CH(OMe)-CH:[CH-OMe],*CH-OMe. 
) 


I. II. III. IV. V. 
Kx 108 
Kx 106 in N/2- Factor. 
Concentration. in water. boric acid. Difference. Exaltation. II=I. 
N/2 259-6 314-4 54-8 + 25-5 1-21 
N/4 180-6 223-7 43-1 +13-8 1-24 
N/8 107-9 140-7 32-8 + 3-5 1-30 
N/16 62-7 87-9 25-2 7— 4] 1-40 
N/32 35-4 57-4 22-0 — 73 1-62 


The boric acid used showed, in N/2 solution, K x 10*= 29-3. 


The result is, generally speaking, negative, as the factor is small 
and increases with dilution. In the most concentrated solution, 
however, the conductivity is raised, and in the most dilute it is 
depressed. This corresponds with a feeble positive result, and 
agrees with the existence of one hydroxyl group in the molecule. 
Considering the great stability of the alkylated glucoside and the 
inert nature of the substituting groups, it is evident that the 
internal ring is the only part of the molecule at which a temporary 
hydroxyl group could become attached. This possibility has 
already been discussed in a former paper (Irvine and Moodie, T., 
1906, 89, 1578), where it has been shown that tetramethyl methy]l- 
glucoside displays a distinct tendency to form unstable oxonium 
derivatives. The effect of boric acid on the conductivity is illus- 
trated in a curve reproduced in the preceding paper (p. 1227), and 
the only explanation which will account for the results is that an 
oxonium hydrate is formed to some extent in aqueous solution. 
On the other hand, the specific rotation gave no evidence pointing 
to a different molecular condition in the presence of boric acid. The 
specimen examined gave: 


[a]}?. [a]” in 
Cc. in water. N/2-boric acid. 
N/2 (12-5088) + 152-8°. 152-6. 


The behaviour of the y-oxidic ring in favouring oxonium forma- 
tion becomes much more emphatic in the presence of a reducing 
group, as shown by the results obtained with tetramethyl a-glucose. 
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The sugar contains only one hydroxyl group, and according to 
current views is represented by formula Z: 


o— | 
E. MeO-CH,*CH(OMe)-CH-[CH-OMe],-CH-OH (a and 8). 
P. Me0-CH,-CH(OMe)-CH(OH)-[CH-OMe],-CHO. 


The alternative aldehydic formula (Ff), which likewise contains 
one hydroxyl group, is not in accordance with the condensation 
reactions of the compound, but this form of the sugar may never- 
theless be produced transiently in the interconversion of the 
a- and B-isomerides. 

In any case, the behaviour of this sugar in the presence of boric 
acid should be similar to that of a monohydric alcohol, both at 


Fia. 1. 


Conduclivily of Telramethy! 
Glucose during 


Mularolfahion 


Solvent :- Wafer 


60 90 


Time in minutes. 


the beginning and at the end of the mutarotation process. The 
same should hold true throughout the process if the aldehydic 
form is the only intermediate compound or if the change proceeds 
directly without rupture of the ring. Exaltation is, in fact, only 
possible if the addition of the elements of water takes place, and 
the problem is thus entirely different from, and much simpler than, 
that presented by glucose. 

In the special case of a mutarotatory sugar, variation of conduc- 
tivity with dilution is of secondary importance compared with the 
changes in conductivity which accompany mutarotation. An 
NV /8-solution of tetramethyl a-glucose was therefore examined in 
the conductivity cell and simultaneously in a polarimeter tube until 
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the change a — 8 was complete. Thereafter, in parallel experi- 
ments, the changes in conductivity and in specific rotation were 
re-determined in J /2-boric acid solution, the observations being 
made at the same time intervals throughout the work. As the 
magnitudes were continuously altering, some difficulty was experi- 
enced in obtaining constant figures for the conductivity at any 
particular time period. The specimen of the sugar used showed the 
initial specific rotation +99°7° in benzene solution, and conse- 
quently did not consist entirely of the a-form, but this has no 
bearing on the results obtained. The following table shows the 
conductivity changes which accompanied mutarotation in aqueous 
and in boric acid solutions. 


Conductivity of Tetramethyl Glucose. 


I. II. IIL. 
K x 10° 
Kx 10° in N/2- 
Time from first in water. boric acid. 
contact with solvent c=N/8. c=N/4. Difference. Exal tation. 
10 minutes 47-7 . — 7-0 
59-5 ’ ; —10-0 
69-2 . +18-2 , 
75-3 . 36-1 
77-4 . 63-1 
83-9 ° 174-6 
84-5 . 194-9 
86-5 . 188-3 
89-6 174-4 
90-0 (constant) 
90-0 250 
(constant) 


160-0 


The above values give clear evidence that the structure of the 
sugar undergoes alteration during mutarotation as column 1 shows 
a continuous increase in conductivity, the original value being 
nearly doubled when equilibrium is attained. In the presence of 
boric acid, the increase is much more decided, the permanent value 
being six times as great as the first reading. These changes, which 
are compared diagrammatically in Fig. 1, indicate that a structure 
capable of combining with boric acid is produced in the course of 
the change. This at once disposes of the idea that the mutarotation 
depends on the sequence of changes y-oxidic-form (a) —> aldehydic 
form —> y-oxidie form (a+ 8). 

Further, inspection of column 3 shows that when excess of the 
a-form of the sugar is present the effect of adding boric acid is to 
depress the conductivity, but that pronounced exaltation results 
when both forms of the sugar are in equilibrium. 

This is a most unexpected result. Both the a- and 8-forms of 
the sugar contain only one hydroxyl group, and thus a mixture 
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of the two compounds should possess a conductivity of similar 
magnitude to that displayed by the individual forms. The result 
actually obtained thus leads to the conclusion that the phenomenon 
of mutarotation is accompanied by the formation of at least one 
additional hydroxyl group, which assumes a position suitable for 
combination with boric acid. The conductivity measurement made 
at the end of the process is thus not a true index of the conduc- 
tivity of the 8-form, as the final product is a conductor and there- 
fore cannot be a simple alcohol. When the conductivity changes 
are corrected for the boric acid present (column 4), it is at once 
evident that the whole process is extremely complex. In the region 
AB, the initial depression in conductivity increases, but in BC this 
depression vanishes, and the subsequent exaltation attains a distinct 
maximum. Thereafter, in CD, the exaltation diminishes slowly, 
and ultimately becomes constant. 

So far as the evidence of conductivity goes, the mutarotation 
process can thus be divided into three stages. This was confirmed 
by a comparison of the changes in specific rotation observed during 
mutarotation in aqueous and in V/2-boric acid solution. 


Mutarotation of Tetramethyl a-Glucose. 


[a]}\. [a]. 
Time from first in water. in N/2-boric acid. 
contact with solvent. c=N/8. c=N/4. Difference. 
5 minutes +90-0 +92-8° +2-8° | 
10 si 86-9 92-1 5-2 
— . 83-4 91-3 79| » 
25 ” 83-0 90-8 7-8 
30 - 82-4 89 4 7-0 Cc 
55 ‘ 81-2 (constant) 88-2 7-0 
65° = 81-2 85-9 4-7 | 
155 “ 81-2 82-7 (constant) 1-5 | D 


The effect of the boric acid is to increase the magnitude of the 
specific rotations throughout, but here again three distinct stages 
can be discerned. Between A and B the exaltation in rotation 
increases to a maximum, but diminishes thereafter to an apparent 
constant at C. A second fall in exaltation is then observed between 
C and D, where the value finally becomes constant. These changes 
in specific rotation are illustrated in Fig. 2, and it will be seen 
from the form of the curves that mutarotation in the presence of 
boric acid is extremely complex. The significant point is that the 
three stages of the reaction indicated in the conductivity curves is 
again emphasised in the rotation curves. This is most marked in 
the diagrams during the time period where the specific rotation 
in the presence of boric acid attains to the first constant. This 
corresponds exactly with the summit of the conductivity curve. 


MUTAROTATION IN AQUEOUS SOLUTION. 


Discussion of Results. 


Taking all the results into consideration, it is evident that when 
tetramethyl a-glucose is dissolved in water it exists in the first 
place as a monohydric alcohol. Moreover, from the evidence 
obtained with tetramethyl a-methylglucoside, it may be concluded 
that the sugar does not assume the aldehydic form, but is consti- 
tuted as in formula Z£. 

The marked increase of conductivity in the presence of boric 
acid, observed as mutarotation proceeds, shows that an additional 
hydroxyl group becomes attached to the sugar, and, accepting 
Béeseken’s generalisations, this group may occupy either position 


Fie. 2. 
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2 or 7. In the case of a fully methylated sugar, such as tetra- 
methyl glucose, the only possible method of satisfying this condi- 
tion is by the addition of water to the oxygen atom of the ring 
(position 7). With this system established, subsequent abstraction 
of the elements of water may take place in either of two ways to 
generate the a- or the 8-form of the parent sugar. Judging from 
the permanent conductivity with boric acid, both forms of the 
sugar ultimately exist in solution as oxonium hydrates, so that the 
final equilibrium is: 


—- 


a-form — oxonium hydrates — §-form. 


Of the theories which have been advanced to account for muta- 
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rotation, that of E. F. Armstrong ((oc. cit.) receives strong support 
from the results now described, and, as it affords the only explana- 
tion which agrees with all our results, it has been adopted in the 
above discussion. The view that an aldehydrol may be the inter- 
mediate compound in mutarotation (Lowry, T., 1903, 88, 1314) 
has not been overlooked, but the formation of such a compound 
would not, in view of Béeseken’s generalisations, be consistent with 
the fact that the conductivity with boric acid increases during 
mutarotation. Another alternative explanation, that the exalted 
conductivity is due to the formation of a complex of two molecules 
of the sugar with one of boric acid, is negatived by our experience 
that mutarotation proceeds normally in boric acid solution. 

As Armstrong has pointed out, it is practically impossible, 
without the aid of models, to illustrate the fact that by the 
alternate formation and decomposition of an oxonium hydrate, one 
form of a sugar may pass into the other stereoisomeride without 
rupture of the ring. The torsions involved and the consequent 
rearrangement of the groups may, however, be understood by refer- 
ence to the following diagrammatic scheme, where consideration 
of the sugar molecule is limited to the reducing group (1), the 
ring-forming oxygen atom (7), and the carbon atom in position (4): 


OH 
og 


- H,0 
—- 


cH 
i 

The first stage is the addition of water to form the oxonium 
hydrate, and this is followed by loss of water, as indicated by the 
dotted lines. The unsaturated molecule which is presumably thus 
produced may revert to the original form of the sugar or to its 
stereoisomeride, according as to which of the double bonds is subse- 
quently opened out. There is another possibility, however, and 
that is the generation, not of the free sugars, but of two isomeric 
oxonium hydrates: 


MUTAROTATION IN AQUEOUS SOLUTION, 


OH 


In all probability the mutarotation of glucose in aqueous solution 
follows a course identical with that now developed for tetramethyl 
glucose. The essential reactions of the two sugars are the same, 
except in respect of their different hydroxyl content, and all 
opinions agree in attributing mutarotation to changes, not in the 
hydroxy], but in reducing groups. The close parallel between the 
sugars justifies the conclusion that the mutarotation of glucose in 
aqueous solution depends also on oxonium formation, and results 
in equilibrium between the a- and B-oxonium hydrates. In accept- 
ing this view one is forced to the conclusion, however, that the 
mechanism of mutarotation varies with the particular solvent 
employed. In the case of tetramethyl glucose, the phenomenon has 
been observed, not only in solvents which had been carefully 
dehydrated, but also in hydrocarbons, and in halogen compounds 
(Purdie and Irvine, T., 1904, 85, 1049; Irvine and Moodie, 
foc. cit.). In some of these examples polarimetric evidence exists 
that complexes of the oxonium type are formed in the reaction 
and may be responsible for the change, but, particularly in the 
case of hydrocarbons, catalytic traces of water would, in the 
light of the results now contributed, be sufficient to promote the 
change a = 8. 

Further evidence pointing to the idea that the mechanism of 
mutarotation varies with the nature of the solvent employed is 
afforded by the fact that, whereas in aqueous solution alkaline 
catalysts promote the change, the use of acids is necessary when 
certain other solvents are employed. Thus, monomethyl glucose 
(Irvine and Hogg, T., 1914, 105, 1386) is stable in pure methyl 
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alcohol, and the mutarotation remains suspended until a trace of 
acid is added. The same holds true for acetone solutions of 
dimethyl B-glucose (Irvine and Scott, T., 1913, 103, 575) and for 
the anilides of alkylated sugars (Irvine and M’Nicoll, T., 1910, 97, 
1449). It is significant that suspended mutarotation is frequently 
encountered when acetone is used as solvent, and, in such cases, is 
promoted only under conditions where the solvent is partly 
enolised, and may thus combine with the sugar. It is also possible 
that the mutarotation of sugars in anhydrous formamide, which 
has recently been studied by Mackenzie and Ghosh (Proc. Roy. 
Soc. Edin., 1914, 85, 22), may ultimately be traced to the forma- 
tion of an unstable additive compound of the sugar with the 
enolised solvent. The well-known fact that pyridine combines with 
glucose to form a definite compound (Behrend and Roth, Annalen, 
1904, 377, 220) is also in agreement with the idea that muta- 
rotation depends essentially on combination between solvent and 
solute, followed by decomposition of the complex in two directions. 

It thus appears that the mechanism of mutarotation must be 
studied separately for each particular solvent, and that, so far as 
aqueous solutions are concerned, the results of the present research 
show that the process depends on the formation of oxonium 
hydrates, which, partly at least, persist as such in solution when 
mutarotation is complete. Further, the deductions made by 
Béeseken, on the basis of conductivity measurements, cannot be 
accepted as a rigid proof of the structure of a- and £-glucose. 

In our opinion, it is necessary to retain the expression muta- 
rotation for reversible reactions, from which the unaltered sugar 
may be recovered, and to exclude all cases such as those quoted by 
Grossmann and Block (Zeitsch. Ver. deut. Zuckerind., 1912, 62, 
19), who describe, as mutarotations, optical changes such as those 
shown by sucrose in formic acid solution. Any permanent reaction 
carried out on an active substance in solution might on this basis 
be described as mutarotation, and the practice would certainly lead 
to endless confusion. 

CHEMICAL RESEARCH LABORATORY, 


Unitep CoLutece or St. SALVATOR AND St. LEONARD, 
UNIVERSITY or St. ANDREWS. [Received, July 3rd, 1915.] 
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CXXXVII.—Action of Grignard’s Reagent on Hydroxy- 
ketonic Dyestuffs and their Ethers. 


By ARABINDA SIRKER. 


Ir has been shown in this laboratory (Watson and Sen, T., 1914, 
105, 389) that by the action of Grignard’s reagent on pentaethyl- 
quercetin, and de-ethylation of the product, there is obtained a 
much deeper-coloured dye than the original quercetin. This has 
been explained by a theory of the relation between constitution 
and depth of colour of dyes (Watson, T., 1914, 105, 759). The 
original quercetin can be represented in either a quinonoid or a 
non-quinonoid form : 


she A , OH O OH 
/\—f OS: OM al 
OH/ » Do OH —~<___—*oH 


— | 


| 
jou \ ). JOH 
\/ \Z \ANZ 

OH C-OH OH CO 

Quinonoid. Non-quinonoid. 
but the substance, which may be imagined as first formed by the 
consecutive action of Grignard’s reagent and de-ethylation, 
namely, 


O OH 
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ss ) Sa DoH 


ae 
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oy 
Et OH 


behaves like the colour bases of the rosaniline series, and loses a 
molecule of water, with the production of a dye which is quinonoid 
in all possible tautomeric forms, that is, which has no possible non- 
quinonoid form: 


OH 
on/\/\=< 09 


che 


\ZNZ 
OH CEt 
In consequence, the colour changes from the yellow or orange of 
quercetin to violet. 
It appeared of interest to study the action of Grignard’s reagent 
VOL, CVII. 4 N 
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on the ethers of other hydroxy-ketonic dyes, and the de-ethylation 
of the compounds thus obtained. This has now been carried out 
in the case of alizarin, but the dyes obtained have not the striking 
properties which were expected of them. It appears that in this 
case there is no tendency for the molecules to lose water and 
assume a permanently quinonoid structure, and the substances 


obtained have the formule 


Et OH Et OH 
a 
C OH C OH 
A\/\/\on d 2a08:: 
| | an | | | 
} | 
YY VY 
0 4~ 
Et OH 
(I.) (II.) 


In (I), the central benzene nucleus may be considered to possess 
a hemiquinonoid structure, and this substance may possibly tauto- 
merise into the true quinonoid form: 
Et OH 


\Z 
¢ OH 


\A\ AN 


YY 4 
H 


Like alizarin, it dyes violet shades on chrome-mordanted cotton. 

The substance (II), on the other hand, cannot assume a true 
quinonoid form, and it dyes lighter shades than alizarin (maroon 
on chrome-mordanted cotton). 

The action of the Grignard reagent prepared from magnesium 


and bromoanisole on 7-ethoxy-y-benzopyrone was also investigated 
in the hope of obtaining a dye of deep colour, namely, 1 
n 
OH 0 tl 
' a, * 
Pee hts 
0< C 0 No 
gi TE i ae ie MT 
CH CH CH CH OH i 


The qualitative study of the product of the reaction was not | 
inviting, and its investigation was not continued. hy 
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ExPERIMENTAL. 
Preparation of Alizarin Dimethyl Ether. 


The alizarin dimethyl ether required for this investigation was 
prepared according to the method described by Graebe and Thode 
(Annalen, 1906, 349, 207). In order to obtain a good yield 
(75 per cent. of the weight of alizarin taken), it was found 
advisable to use one and a-half times or twice the quantity of 
methyl sulphate and potassium hydroxide mentioned by Graebe 
and Thode. It was also found necessary to purify the deoxy- 
alizarin dimethyl ether by treatment with hot alcohol after the 
monomethyl ether had been separated and the benzene solution 
evaporated. A substance, consisting of small, lemon-yellow cubic 
crystals, melting at 133—134°, remained undissolved in the hot 
alcohol, and its removal averted much trouble in purifying the 
alizarin dimethyl ether obtained by oxidising the deoxyalizarin 
dimethyl ether. Glacial acetic acid was found to be a better 
solvent than alcohol for alizarin dimethyl ether. 


10-H ydroxy-5-keto-1 : 2-dimethoxy-10-ethyldihydroanthracene, 
CigH1g0,. 


Grignard’s reagent was prepared from magnesium and ethyl 
iodide. Alizarin dimethyl ether, ethyl iodide, and magnesium 
were used in the molecular proportion of 1, 14, 14 respectively, 
so that only one of the ketonic groups might be attacked. About 
100 c.c. of ether were employed for each gram of alizarin dimethyl 
ether. When the Grignard’s reagent was ready, first the excess 
of ether, and then the well-dried and powdered alizarin dimethyl 
ether, were introduced into the reagent. After boiling the mix- 
ture for about eight hours, the product was poured into very 
dilute hydrochloric acid. 

The ether was allowed to evaporate, and the precipitate was 
collected, washed, drained, and purified from unchanged alizarin 
dimethyl ether by fractional crystallisation from absolute alcohol. 
The pure substance crystallised from this solvent in reddish-yellow 
needles, melting at 188°. The yield was about 22 per cent. of the 
theoretical : 

0°1409 gave 0°3725 CO, and 0°0753 H,O. C=72:08; H=5-93. 
C,gH,,0, requires C=72°48; H=6'04 per cent. 


1: 2: 10-Trihydroxy-5-keto-10-ethyldihydroanthracene, C,H, ,0,. 


Attempts were made to demethylate the above compound with 
hydriodic acid (D 1:7) and acetic anhydride, but the product was 


4Nn2 
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a tar, which was insoluble in potassium hydroxide solution, hot 
alcohol, or glacial acetic acid. In concentrated sulphuric acid it 
dissolved sparingly, and decomposed. 

As alizarin dimethyl ether readily yielded alizarin on treatment 
with aluminium chloride, a mixture of the new dimethoxy-com- 
pound and twice its weight of anhydrous aluminium chloride was 
heated for one hour to 160° in an oil-bath. The mixture was then 
poured gradually into dilute hydrochloric acid (1:4). After boil- 
ing, the solid was collected, washed, dried, and crystallised from 
absolute alcohol, from which it separated in pale red needles, melt- 
ing at 275°. The yield was about 80 per cent. of the theoretical : 

0°1205 gave 0°3129 CO, and 0°0550 H,O. C=70°82; H=5°07. 

C,,H,,0O, requires C=71'11; H=518 per cent. 
The compound dyed chrome-mordanied wool a deep violet. The 
shade was deeper than a corresponding piece dyed with alizarin. 


5: 10-Dihydrory-1: 2-dimethoxy-5 : 10-diethyldihydroanthracene, 
Cop Ho, 0y. 


Alizarin dimethyl ether, ethyl iodide, and magnesium were used 
in the molecular proportion of 1, 3, and 3 respectively, so that 
both the ketonic groups might be attacked. About 100 c.c. of 
ether were employed for each gram of alizarin dimethyl ether. 
Excess of ether was added to the Grignard reagent, and then the 
well-dried and powdered alizarin dimethyl ether was introduced. 
After boiling the mixture for about nine hours, it was poured into 
very dilute hydrochloric acid, and after isolation and purification 
the product was found by appearance and by determination of 
the melting point to be the compound where only one of the 
ketonic groups was attacked by magnesium ethyl iodide. Alizarin 
dimethyl ether was then subsequently treated with 5 and 7 mole- 
cular proportions of magnesium ethyl iodide under the same con- 
ditions as before, but in every case the product was the same as in 
the previous case, and not the expected compound. Next, the 
experimental conditions were modified, and the reagent, was pre- 
sented in a more concentrated form. When the quantity of ether 
was diminished to only 10 to 12 c.c. for each gram of alizarin 
dimethyl ether taken, it was found that 5 molecular proportions 
of magnesium ethyl iodide converted the substance into a tar, even 
after five hours’ boiling. It was found by trial that when the 
amount of the Grignard reagent was a little more than the caleu- 
lated quantity (2} molecules), and the mixture of the reagent and 
alizarin dimethyl ether was boiled gently for five hours, the ex- 
pected substance was obtained in good yield. Precaution was 
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taken not to allow the body of the reacting vessel to touch the 
sides of the water-bath, thus preventing over-heating. A vigorous 
boiling or overheating the sides of the vessel resulted in the forma- 
tion of too much tar. The product was isolated and purified as 
before from unchanged alizarin dimethyl ether and 5-keto-10- 
hydroxy-1: 2-dimethoxy-10-ethyldihydroanthracene (which formed 
as a secondary product) by fractional crystallisation from absolute 
alcohol. The pure substance crystallised in fine crimson needles, 
melting at 149°, and the yield was about 18 per cent. of the 
theoretical : 

0°1339 gave 0°3576 CO, and 0°0856 HO. C=72°84; H=7'11. 

C.y»H.,0, requires C=73°17; H=7'31 per cent. 


1: 2:5: 10-Tetrahydroxry-5 : 10-diethyldihydroanthracene, 
Ci gH 04. 


5: 10-Dihydroxy-1 : 2-dimethoxy-5 : 10-diethyldihydroanthracene 
was demethylated with anhydrous aluminium chloride. The pro- 
cedure was the same as in the previous case of demethylation, with 
the exception that the mixture was kept at 138—140° for one 
hour. The product crystallised from absolute alcohol in brown 
needles, melting at 198°, and dissolved in potassium hydroxide 
solution with a pink colour. The yield was about 84 per cent. of 
the theoretical : 

0°1109 gave 0°2910 CO, and 0°0655 H,O. C=71°69; H=6°57. 
CigHo)O, requires C=72°0; H=6'66 per cent. 
The substance dyes maroon shades on chrome-mordanted cotton. 


Action of Grignard’s Reagent on 7-Ethoxy-y-benzopyrone and 
Ethyl 7-Ethoxy-y-benzo pyrone-2-carborylate. 


Since the description of the preparation of 7-ethoxy-y-benzo- 
pyrone, as given in the original paper (Kostanecki, Paul and 
Tambor, Ber., 1901, 34, 2477), is not sufficiently minute, a short 
description of the course followed in its preparation required for 
this investigation is given below. 

Resacetophenone.—The best yield was obtained by heating the 
mixture of glacial acetic acid, resorcinol, and zinc chloride (added 
gradually) for forty-five minutes to one hour. The pure substance 
melted at 145—146°, and not at 142° (Beilstein). The yield was 
about 58 per cent. of the theoretical. 

Monoethylresacetophenone.—To the boiling solution of ethyl 
iodide and resacetophenone in alcohol, alcoholic potassium 
hydroxide was added drop by drop. The addition of alkali was 
completed in three to four hours, and the reaction after boiling 
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for eight to nine hours. The substance was purified from un- 
changed resacetophenone by means of dilute sodium hydroxide 
solution (2—3 per cent.). The yield was about 67 per cent. of the 
theoretical. : 
Ethyl 2-Hydroxy-4-ethoxybenzoylpyruvate—It was found 
advisable to immerse the flask containing the monoethylresaceto- 
phenone and ethyl oxalate in cold water after the addition of 
granulated sodium (prepared by melting sodium under either 
xylene or toluene, and shaking vigorously while cooling), as much 
heat is evolved. The solid yellow mass was gradually treated with 
dilute acetic acid, and the mixture cooled and shaken vigorously, 
when a shower of cubical crystals appeared. The yield was 66 per 
cent. of the theoretical. 
7-Ethoxy-y-benzopyrone-2-carborylic Acid—In treating ethyl 
2-hydroxy-4-ethoxybenzoylpyruvate with fuming hydrochloric acid 
(D 1°19), the amount of the latter was one and a-half times the 
quantity of alcohol used to dissolve the ester. The required acid 
is precipitated after about two hours’ boiling. 
7-Ethoxry-y-benzopyrone.—A yield of about 12 to 15 per cent. 
of the theoretical was obtained by decomposing the acid just men- 
tioned in a glycerol bath. The difficulty in preparing this sub- 
stance suggested the idea of esterifying 7-ethoxy-y-benzopyrone-2- 
carboxylic acid, and treating the ester with Grignard’s reagent. 


Ethyl 7-Ethozy-y-benzopyrone-2-carborylate, C,,H,,0;. 


The carboxylic acid was dissolved in the least quantity of hot 
absolute alcohol, and a stream of dry hydrogen chloride was passed 
through the boiling solution for about one hour and a-half. The 
mixture was then poured into cold water, when a flocculent pre- 
cipitate was obtained, which was collected, washed, dried, and 
crystallised from absolute alcohol. The ester crystallises in long, 
hairy, colourless needles, melting at 118°. The yield was about 
61 per cent. of the theoretical : 

0°1357 gave 0°3180 CO, and 0°0645 H,O. C=63'93; H=5-28. 

C,,H,,0; requires C=64'1; H=5:34 per cent. 

The Grignard reagent, prepared from magnesium and o-bromo- 
anisole, was allowed to react with the ester in a concentrated form. 
Ten to 12 c.c. of ether were used for each gram of the ester. By 
following the precautions taken by Kay and Perkin (T., 1907, 91, 
372) in treating keto-esters with Grignard’s reagent, the ester was 
first treated with just the calculated quantity of magnesium 
o-methoxyphenyl bromide (1 mol.), so that the reaction might be 
confined to the ketonic group. The mixture of the reagent and 
the ester was boiled for about nine hours, and, after the necessary 
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process of purification (loc. cit.), the substance was found to be 
the unchanged ester. In subsequent operations, the amount of the 
reagent was gradually increased to 14, 3, and 5 molecular propor- 
tions, and the mixture boiled for eighteen to twenty-four hours 
in each case, but it was found that the increase in the proportion 
of the Grignard’s reagent and the period of boiling only increased 
the quantity of tar. 

Lastly, 7-ethoxy-y-benzopyrone was directly treated with mag- 
nesium o-methoxyphenyl bromide in ethereal solution. A uni- 
molecular proportion of the reagent had no action, but when the 
proportion of the reagent was increased to 14, 3, and 5 molecules, 
varying quantities of a white, crystalline substance, melting at 
240°, were obtained. The substance was de-ethylated with 
hydriodic acid (D 1°7), and the de-ethylated product dissolved in 
potassium hydroxide solution with a pale yellow coloration. As 


the natural colour of the substance and the coloration in alkali were 
not inviting, further investigation on the subject was discontinued. 


¢ 


r] 
In conclusion, I beg to offer my best thanks to Prof. E. R. 
Watson for his kind help and advice. 


Tue Dacca COLLEGE, 


BENGAL, INDIA. [ Received, May 17th, 1915.] 


CXXXVIII—A New Method of Preparing Chloro- 
and Bromo-triammino-platinous Haloids (Cleve's 


Salts). 


By Leo ALEXANDROVITSCH TSCHUGAEV. 


Amone the salts of ammoniacal platinum bases corresponding with 
the general formula PtX.,.NH3, where the platinum atom is 
bivalent, the so-called Cleve’s salts, in which n=3, are of special 
interest. According to Werner’s well-known theory, these salts 
possess the co-ordination structure [PtX’3NH;]X"”, where only one 
of the two acid radicles (X”) shows the character of an ion, whilst 
the other radicle (X’) is in comparatively stable union with the 
platinum atom, and enters into the composition of the complex 
. 3NH, |+ 
cation | Pe Xx’ | ° 
Unfortunately, hitherto but few investigations have been made 
on compounds of this type. Nearly all the information we possess 
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on this subject is found in the work of Cleve (“On ammoniacal 
platinum bases,” Stockholm, 1872), who discovered these com- 
pounds, a few new data being given by subsequent workers, especi- 
ally by Cossa (Atti R. Accad. Lincei, 1894, ii, 360) and. by 


Klason (J. pr. Chem., 1903, La, 67, 1). 
The chloride, [Por , which has been more fully investi- 
3NH 


gated than the other salts of the series | Pe Cl lx, is obtained 


either by the addition of ammonia to dichlorodiamminoplatinum 


ES Pr ab or by the elimination of ammonia from tetra- 


amminoplatinous chloride (Reiset’s Base I), [Pt4NH;]Cl,, by the 
action of hydrochloric acid : a 
[PtCl,2NH,]+ NH,=[PtCl3NH,|Cl, 
[Pt4NH,]Cl, + HCl =[PtCl3NH,;]|Cl + NH,Cl. 

Both these methods, however, give only poor, and always vary- 
ing, yields. 

The following convenient method by which the chloride, 
[PtC]3NH,|Cl, can be prepared quickly and easily in any amount 
will now be described. 

The defects of the previous methods consist in the fact that the 
union and the elimination of ammonia cannot be stopped at the 
stage required. That is the reason why, in the case of the addition 
of ammonia, the chloride of Reiset’s base I (containing more 
ammonia than is required) is obtained as a main product of re- 
action, whilst in the case of the elimination of ammonia Reiset’s 
base II (poorer in ammonia) is formed. 

These difficulties were overcome by employing, for the addition 
of ammonia to the compound, {PtCl,2NH;], some compound which 
evolves ammonia gradually when hydrolysed, instead of using free 
ammonia. The salts of cyanic acid have been found the most 
convenient for this purpose. 


ExPERIMENTAL. 


One gram of cisdichlorodiamminoplatinum (Peyrone’s chloride) 
is boiled with 0°7 gram of potassium cyanate and 18—20 c.c. of 
water, the whole being frequently shaken. After the dissolution 
of the dichlorodiamminoplatinum, the boiling is continued during 
one minute, the whole reaction requiring about two minutes. 
(The experiment is most conveniently carried out in a large test- 
tube). 

Several portions prepared in this way are poured in a beaker, 
and an excess of hydrochloric acid (D1°19) is gradually added, 
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4 c.c. of the acid being used for each portion. The whole is heated 
to boiling, and then cooled. A considerable part of the dichloro- 
amminoplatinum, which is left unchanged, crystallises out, and is 
filtered off; an excess of potassium patinochloride is then added 
to the filtrate until no more precipitate is formed. The precipitate 
thus obtained consists of a mixture of tetra-amminoplatinous 
platinochloride (Magnus’s green salt) and of chlorotriammino- 
platinous platinochloride (Cleve’s salt), [PtCl3NHg],,PtCl,. The 
latter is flesh-coloured, and crystallises from hot water in charac- 
teristic, square-shaped plates, as described by Cleve. 

The precipitate is collected and recrystailised from hot water 
acidified with a few drops of hydrochloric acid, about 40 c.c. of 
water being used for each gram of dichlorodiamminoplatinum 
taken. 

By this treatment, practically only the chlorotriamminoplatinous 
platinochloride passes into solution, the tetra-amminoplatinous 
platinochloride being left behind; the hot filtrate is then left to 
crystallise overnight. 

The yield of chlorotriamminoplatinous platinochloride obtained 
under these conditions is regularly about 50 per cent. of the 
theoretical calculated only on the part of the dichlorodiammino- 
platinum which actually enters into the reaction. Thus, in one 
experiment, where 4 grams of dichlorodiamminoplatinum were 
taken, was obtained: chlorotriamminoplatinous platinochloride, 
15 grams; dichlorodiamminoplatinum recovered, 1°9 grams; tetra- 
amminoplatinous platinochloride, 1°0 grams. The amount of 
dichlorodiamminoplatinum used was therefore 2°1 grams, and in 
this case the yield is 48 per cent. of the theoretical. 

For the preparation of the chloride, [PtC]3NH;,]Cl, the method 
described by Cleve and by Clason is used. The platinochloride, 
| PtCl3NHg],,PtCl,, is dissolved in hot water slightly acidified with 
hydrochloric acid, and is precipitated with tetra-amminoplatinous 


chloride: 

haere *| .Pecl, +[Pt,NH,]Cl, = 2 [ pe |e! +[Pt4NH,],PtCi,. 
The cooled soluticen is then filtered from the tetra-amminoplatinous 
platinochloride formed, and evaporated in a vacuum. 

The reactions resulting from the action of potassium cyanate on 
dichlorodiamminoplatinum, and the subsequent action of the 
hydrochloric acid, may be probably represented by the following 
equations : 


NH.~ Ci NH,~- ~NCO™ 
| NH P< | + KNCO = [RHP P<) | + KCl 
4 n*® 
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‘NH NCO = | SB>picNH-00.8] 
[NH Pt<G) ] + HO = | yAiPtc 


NH NH-CO,H | NH pycNHy'00, 8] 
NH PK< Gy : | + Hol = | Nye Pe<oy cl 


E BPG | “ — ‘lc + 00, 


[NH PeCG | +2KNCO = > a + 2KCl. 


lx =>Pt<Noo | +2H,0 + 2HCl =[Pt4NH, |Cl, + 2C0,. 


If in the reaction described above, instead of dichlorodiammino- 

platinum, the corresponding bromine compound, 

Moet 

is used, and the hydrochloric acid in the subsequent operations 
replaced by hydrobromic acid, a solution containing the salt, 
[PtBr3NH,]Br, together with tetra-amminoplatinous bromide, 
[Pt4NH,]Br,, is obtained. From this solution, a copious precipi- 
tate is produced by the addition of potassium platinobromide. 
This precipitate consists of a mixture of two different compounds, 
which can be easily separated from one another by crystallisation 
from hot water acidified with a few drops of hydrobromic acid. 
The green platinobromide, [Pt4NH,],PtBr,, already prepared by 
Biilmann and Andersen (Ber., 1903, 36, 1565), is left on the filter, 
whilst a new compound, which has not yet been described, is con- 
tained in the filtrate, and separates on cooling in violet plates; 
these are sometimes of a curiously waved shape, and are compara- 
tively readily soluble in hot water. 

From the analytical data and its chemical behaviour, this com- 
pound consists of bromotriamminoplatinous platinobromide, 
[PtBr3NHs3},,PtBr,, being an analogue of the platinochloride, 
[PtCl3NHs},,PtCl,. It ecrystallises with 1 mol. of water, which it 
readily loses at 100°. From solutions of this compound tetra- 
amminoplatinous salts precipitate Biilmann and Andersen’s green 
platinobromide, a fact indicating the presence of the ion 
[PtBr,]: 


H, 
ine ‘] .PtBr, +[Pt4NH, ]Br, = af Pipe’ | Be +[Pt4NH,],PtBr,, 


The study of the reactions described in this paper is being con- 
tinued in this laboratory. 


THE UNIVERSITY, 
PETROGRAD. [Received, June 15th 1915.] 


RAY: INTERACTION OF DIMERCURIAMMONIUM NITRITE, ETc. 1251 


CXXX1X.—Jnteraction of Dimercuriammonium Nitrite, 


and the Alkyl Iodides. 


By Prarutia Cuanpra Ray. 


THe preparation and properties of dimercuriammonium nitrite 
have already been described (T., 1902, 81, 644), and from time 
to time attempts have been made to throw light on its constitu- 
tion. It has been shown that dimercuriammonium chloride and 
bromide, respectively, decompose on heating according to the 
equation 
2[NHg,X]=2[N + Hg + HgX] 
=N,+ Hg.+2HgX, 
where X represents a halogen atom (Ray, Zeitsch. anorg. Chem., 
1902, 33, 193). It was expected that dimercuriammonium nitrite 
would, under similar conditions, decompose into nitrogen, mercury, 


and mercurous nitrite, 

2(NHg,NO,) = N, + Hg. + 2HgNO,, 
but no satisfactory conclusion could be reached, as the thermal 
decomposition of the salt gave rise to many secondary reactions of 
a complicated nature (Ray and Ghosh, T., 1910, 97, 324). It 
appeared to the author that the problem might be solved by acting 
on the compound with alkyl iodides. 

If the substance in question is really a derivative of ammonium 
nitrite in which the four atoms of hydrogen have been exchanged 
for two atoms of diad mercury, 

NH,NO, —> NHg"’Hg"NO,, 
then by treatment with, say, ethyl iodide, it might be expected 
that the reaction would proceed on the following lines: 
PME] sete BEER] 

that is, half the nitrogen and mercury would be set free, and the 
interaction would now proceed between the mercurous nitrite 
hypothetically formed and ethyl iodide. This expectation has 
evidently been realised. 

The action of ethyl and alkyl iodides in general on mercurous 
nitrite has been studied on several occasions (Ray, J. Asiatic Soc. 
Bengal, 1901, 69, Pt. II, 1900; Annalen, 1901, 316, 253; P., 
1907, 23, 246), and it has been shown that nitroethane and ethyl 
nitrite and its homologues are simultaneously formed in fairly 
equal proportions. In the present instance, also, the same pro- 
ducts have been obtained in nearly equal quantities. This 

4n* 2 


1252 RAY: INTERACTION OF DIMERCURIAMMONIUM 


behaviour is evidently in harmony with ordinary experience, since, 
as Lowry puts it, “the ultimate product of isomeric change is a 
mixture” (Brit. Assoc. Rep., 1904, 200). As it is not easy to 
estimate quantitatively the amount of nitroethane or of its homo- 
logues, for example, nitropropane, etc., formed in these reactions, 
special precaution was taken to collect and analyse the alkyl 


nitrites. 


ExPERIMENTAL. 


In these reactions, as in the case of the interaction between 
silver or mercurous nitrites and ethyl iodide, evolution of nitric 
oxide takes place; it is, therefore, necessary to conduct the experi- 
ments in an atmosphere of carbon dioxide. The upper end of the 
condenser attached to the flask in which the reaction was carried 
on was connected with a suction flask containing ice-cold alcohol 
for the absorption of ethyl nitrite. The mixture of carbon dioxide 
and nitrogen was collected over alkali hydroxide, and care was 
taken to prevent any dissolved alkyl nitrite being carried away 
by the current of gas before and after the reaction was complete. 


Dimercuriammonium Nitrite and Methyl Iodide. 


To dimercuriammonium nitrite was added from a tap funnel 
a large excess of methyl iodide. The reaction began in the cold, 
and, on gradually raising the temperature to 100°, it became 
sufficiently vigorous to bring about the desired intimate contact 
between the salt and alkyl iodide. The reaction was completed 
in half to three-quarters of an hour. The salt at first assumes a 
pink colour, which gradually deepens, and finally a dark red tint 
is developed. An aliquot part of the alcoholic solution of methyl 
nitrite was evaluated according to the British Pharmacopeia 
method. The excess of methyl iodide (b. p. 44°) was distilled off 
on the water-bath ; an oil-bath was then substituted, and the nitro- 
methane distilled at about 100° (b. p. 101—102°). The latter, on 
treatment with alcoholic sodium hydroxide, solidified completely— 
a characteristic test for aliphatic nitro-compounds. In order to 
collect a few drops of nitromethane, it was necessary to use 3 to 
5 grams of dimercuriammonium nitrite. As stated above, the 
main object was to study quantitatively the amount of alkyl nitrite 

r formed, and hence, as a rule, the quantity of dimercuriammonium 
nitrite used for each experiment was not allowed to exceed 1 gram. 
If a larger amount of the salt had been used, no doubt the amount 
of nitromethane obtained could have been weighed, but, at the 
same time, some of the methy! nitrite generated might escape 
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absorption, and the formation of the protective layer of mercurous 
iodide would have been favoured, hindering complete reaction. 

In the following experiment the nitrogen, in the shape of alkyl 
nitrites, has been termed “nitritic,”’ whilst that in the form of 
the nitro-compound has been termed “ nitronic ” ; the latter nomen- 
clature, it may be remembered, was first used by Divers. 

The salt (0°67 gram), treated as described above with a sufficient 
excess of methyl iodide, gave 8°0 c.c. of nitrogen at N.T.P. from 
the methyl nitrite solution.* The theoretical volumes of 
‘“‘nitritic” and of ‘“nitronic” nitrogen, respectively, are 8°10 c.c. 


at N.T.P. 


Dimercuriammonium Nitrite and Ethyl Iodide. 


Experiment I.—0°873 Gram gave 7°0 c.c. of “nitritic”’ nitrogen 
from the ethyl nitrite solution, the calculated amount being 
10°5 c.c. at N.T.P. Nitroethane (b. p. 113°) was also obtained 
and identified. 

Experiment II.—0°4166 Gram gave 49 cc. of “nitritic”’ 
nitrogen at N.T.P., the theoretical amount being 5°04 c.c. 


Dimercuriammonium Nitrite and isoPropyl Iodide. 


In this instance, the reaction in the cold was rather feeble, but 
on digesting the components at 100° for three-quarters of an hour 
it was completed. 0°6196 Gram gave 7°75 c.c. of “ nitritic”’ 
nitrogen at N.T.P. from the ¢sopropyl nitrite solution, the calcu- 
lated amount being 7°49 c.c. 

The corresponding nitro-compound was also obtained, and 
identified as such. 

After the excess of alkyl iodide and the nitro-compound were 
distilled off, the residue consisted of a mixture of metallic mercury 
and mercurous iodide; in order to separate the latter in a pure 
condition, the mixture was sublimed at as low a temperature as 
possible. Beautiful, lustrous, lemon-yellow crystals of mercurous 
iodide (Found, I=38°68. Calc., I=38°83 per cent.) were deposited 
nearest to the source of heat, and the mercury away from it. The 
mercurous iodide crystals, on keeping, turned brownish-yellow. 

It will thus be seen that a molecule of dimercuriammonium 
nitrite, by interaction with a molecule of an alkyl iodide, parts 


* The alcoholic solution of the alkyl nitrite retains a considerable quantity 
of absorbed carbon dioxide, hence when it is evaluated by means of potassium 
iodide and dilute sulphuric acid, a portion of it is given off. Care should 
therefore be taken to remove the carbon dioxide by means of dilute alkali 
hydroxide before the nitric oxide is measured. 
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with an atom of nitrogen and mercury, and the nascent, mercurous 

nitrite thus generated acts in turn on the alkyl iodide, giving rise 

to an alkyl nitrite and its isomeride, a nitro-compound. The cycle 

of changes may be represented according to the following scheme: 
dissociates 


Hg,(NO,). —,> Hg(NO.).+ He 


Hg(NO,), “8% Nog,NO, “> N+Hg+(HgNO, + RI= 
HgI + RNO,) 
where R represents an alkyl radicle. 

The results are, however, quite consistent with the view that 
alkyl iodides act directly on dimercuriammonium nitrite, giving a 
mixture of alkyl nitrite and nitroparaffin, and liberating mercurous 
iodide, mercury, and nitrogen, thus: 


H , 

B\/ 

@ N -7-NO, —> N+Hg+Hgl + Alkyl nitrite or its 

7 7 isomeric nitro-paraftio. 
HeZ ~ - F 
Ie Alkyl 

Decomposition of dimercuriammonium chloride, as shown above, 
would, however, favour the supposition that dimercuriammonium 
nitrite decomposes analogously, generating nascent mercurous 
nitrite. 
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CXL.—Synthesis of a-Tetronic Acid. 


By Leonore Kietz and Artaur Lapwortu. 


Ir is characteristic of most of the derivatives of a- and f-keto- 
butyrolactone that they display marked acid properties, forming 
salts which are derived from the enolic forms, which forms, in 
virtue of the presence of the grouping, :C:C(OH)-, as part of a 
ring, have a considerable degree of stability. It is not improb- 
able that, even in the free state, many of the alkyl and aryl sub- 
stitution derivatives of these two lactones are true enols (compare 
Hall, Hynes and Lapworth, this vol., p. 135), based on the type 
of a- and B-hydroxycrotonolactone, (I) and (II), respectively : 

CO—CH 

°<cu, -C-OH 
IL.) 
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The substance obtained by Wolff and Schwabe by the successive 
action of heat and reducing agents on ethyl dibromoacetoacetate 
(Annalen, 1896, 291, 226) is represented by its discoverers as 
B-ketobutyrolactone, but it is at least as probable that it has the 
enolic structure (II). The present authors propose to term this 
substance “B-tetronic acid,” and the corresponding parent sub- 
stance of the a-series “a-tetronic acid,” having in mind, not only 
the considerable historical interest attaching to the work of Wolff 
and Schwabe and the close relationship subsisting between the 
two series, but also, what is more important, the fact that these 
names convey no suggestion that the ketonic or enolic structure 
has as yet been definitely associated with either compound. 

Although nearly twenty years have elapsed since 8-tetronic acid 
was isolated, and although numerous derivatives of the a-series 
have been described by Wolff, Erlenmeyer, jun., and others, the 
preparation of a-tetronic acid has not hitherto been accomplished.* 
The observations recently made by one of us in conjunction with 
Messrs. Hall and Hynes (loc. cit.) brought the matter to our 
notice, and the present paper deals with an attempt to repair this 
omission. 

Briefly, the two methods of synthesis attempted involved the 
prior synthesis of the oxime of a-tetronic acid. For this purpose, 
the action of nitrous acid on w-bromoethylacetoacetic ester was 
investigated in the first instance, and was found to proceed in 
the normal manner, yielding the oxime of ethyl w-bromoethy]l- 
glyoxylate: 

CH, BrCHy CHC 60 Gi, + HONO = 
CH,BrCH,C<O0-0.H, + CH,*CO,H. 


This ester, when carefully hydrolysed by alcoholic potassium 
hydroxide, was converted into a compound which, as was antici- 
pated, had the composition of the oxime of a-tetronic acid: 

OEt-CO-C:NOH -NOH 

Br-CH,°CH, H, 

Preliminary experiments showed, however, that this compound 
was not easily hydrolysed, none of the available methods for 
eliminating the oximino-group producing from it any compound 


with clearly defined ketonic properties resembling those of known 
substitution derivatives of a-tetronic acid. These facts, and the 


+ EOH + KBr. 


+ KOH =0< od 
2 


* A viscid substance separated by Bottinger from the products obtained 
when gallic acid was oxidised with cupric oxide and alkali (Annalen, 1890, 
260, 345) was tentatively regarded as a-ketobutyrolactone. The nature of 
this substance is referred to later in the present paper. 
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expense incurred, due to the poor yields obtained in.the prepara- 
tion of the oxime and the intermediate products, led us to examine 
the behaviour of w-bromoethylmalonic acid towards nitrous acid. 
w-Bromoethylmalonic acid can be obtained in satisfactory quanti- 
ties and with relative ease by Carpenter and Perkin’s method, 
especially with certain slight modifications in procedure, and the 
results of the experiments with this compound led to more definite 
progress being made; the action of nitrous acid was found to 
proceed very smoothly under prescribed conditions, carbon dioxide 
being eliminated, and an oxime of a-tetronic acid being formed in 
nearly quantitative amount. 

The oxime which is formed by the new process, however, is not 
identical with that obtained from ethyl -bromoethyloximino- 
acetate, as above described, and it seems likely that its relation to 
the latter is similar to that existing between other isomeric oximes 
of asymmetric ketones. The authors therefore refer to the com- 
pounds as the syn- and anti-oximes, respectively, although the 
precise configurations of the two substances remains an open 
question. 

The anti-oxime displays, and much more definitely than its 
isomeride, all the characters of a true ketoxime. It is readily con- 
0 oe 

CH,°CH, 
and its structure is established by the fact that when reduced with 
tin and hydrochloric acid, it is converted into Fischer’s a-amino- 
butyrolactone. 

When the anti-oxime is heated with hydrochloric acid, it is 
partly hydrolysed, yielding some hydroxylamine and the compound 
sought for, namely, a-tetronic acid. The hydrolysis, however, is 
very imperfect, and whilst the oxime responds to several of the 
methods used for replacing the oximino-group by an oxygen atom, 
the isolation of the resulting a-tetronic acid in a state of purity 
proved a matter of great difficulty, and only a few grams have 
passed through our hands, so that the characterisation we have 
been able to give to it is very imperfect; but as the possibility of 
our extending our observations is remote, we have decided to lay 
the few which we have made on record. 

The following stages are involved in this synthesis of a-tetronic 
acid : 


verted into a blue bromonitroso-compound, 


CH CO,H H,Br 
‘ C 2 —=>> 2 om 
cH <co,H H,*CH(CO,H), 


H,Br 2 H.:0-co ‘ 
CO,H| > ¢H2°0-¢ a ee 
H,C<NOH | CH,-—C:NOH sia 


—> 
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a-Tetronic acid is a solid at the ordinary temperature. Unlike 
most a-ketonic acids and substituted a-ketolactones (a-hydroxy- 
crotonolactones ?), it does not give a green coloration with 
aqueous ferric chloride, but a reddish-violet one resembling that 
associated with B-ketonic acids and esters. Its acid properties are 
not so marked as are those of the aryl substitution derivatives, 
and when it is titrated with alkali in the presence of phenol- 
phthalein as indicator, the end-point is indefinite, the solution be- 
coming definitely alkaline before an equivalent of alkali has been 
added, a fact which vouches for the considerable stability of the 
lactone configuration. In aqueous solution, the compound reacts 
rapidly with hydroxylamine hydrochloride, giving rise to the oxime 
from which it was originally prepared, and with phenylhydrazine 
acetate yielding a phenylhydrazone identical with that obtained 
by the action of benzenediazonium chloride on sodium w-bromo- 
ethylmalonate : 
CH,Br CO,Na ate i 
le > + Sw * 

CH,°0-CO 
CH,—-C:N,H:C,H, 

When heated above its melting point, a-tetronic acid decom- 
poses, with the evolution of an odour resembling that of a mixture 
of formaldehyde and pyruvic acid. In.this respect it resembles 
the oily acid obtained by Bottinger (p. 1255, footnote); but this 
author did not characterise his compound fully enough to permit 
of a definite conclusion being drawn as to its identity or other- 
wise with the synthetic compound, and in spite of repeated 
attempts to reproduce the conditions he used in preparing it, we 
have failed to obtain more than traces of any substance corre- 
sponding with his product. 


+ NaCl + CO, + NaBr. 


ExPERIMENTAL. 


Ethyl 1-acetyleyclopropane-l-carboxylate and ethyl w-bromo- 
ethylacetoacetate were prepared according to the directions of 
Freer and Perkin (T., 1887, 51, 820, 838). The process of purifi- 
cation of the former compound was greatly simplified, however, 
by shaking the crude condensation product repeatedly, first with 
2 per cent. aqueous ammonia, and then with 5 per cent. potassium 
hydroxide, as recommended by Michael and Wohlgast for remov- 
ing monoalkylacetoacetic esters from such mixtures (Ber., 1909, 
42, 3176); the oil was removed when it no longer diminished in 
quantity on further treatment with alkali, dried, and fractionated 
in a vacuum with a long column. The required ester (b. p. 
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105°/35 mm.) was then isolated without difficulty, and was suffici- 
ently pure to impart no coloration to alcoholic ferric chloride. 

It was found that the employment of closed vessels in the con- 
densation of ethylene dibromide with ethyl sodioacetoacetate may 
be dispensed with by preparing the latter compound from ethyl 
acetoacetate and sodium in dry toluene, and carrying out the sub- 
sequent operation at the boiling point of the solution. This 
modification, which gave somewhat better yields with small quanti- 
ties than did the original method, was not satisfactory when more 
than 60—70 grams of ethyl acetoacetate were used in a single 


operation. 


Action of Nitrosylsulphuric Acid on Ethyl w-Bromoethylaceto- 
acetic Ester. Formation of Ethyl syn-Oximino-y-bromobutyrate, 
CH,Br-CH,-C<Q Ver, 

Ethyl w-bromoethylacetoacetate (20 grams) was dissolved in an 
equal bulk of well-cooled sulphuric acid, and to the clear liquid 
was added one molecular proportion of nitrosylsulphuric acid in 
concentrated sulphuric acid (compare this vol., p. 135) in small 
quantities at a time and with constant agitation, the temperature 
being kept at 20—-25°. The admixture should be effected within 
one and a-half minutes, when the effervescence, perceptible from 
the beginning, becomes more vigorous, and the whole should at 
once be stirred into powdered ice. The precipitated semi-solid 
yellow mass is extracted with chloroform, the extract washed re- 
peatedly with water, dried, and evaporated. The residue, when 
triturated with light petroleum, deposited a few grams of crystal- 
line material, which was collected, and crystallised from light 
petroleum. 

Found: C=32°5; H=4'5; N=6°6. 

C,;H,,O,NBr requires C=32°1; H=4'5; N=6°3 per cent. 

The ester crystallises from light petroleum, in which it is some- 
what sparingly soluble, in colourless needles, melting at 49—50°. 
The usual tests showed that bromine was present, but no estima- 
tion was carried out, owing to paucity of material. It was soluble 
in dilute aqueous alkalis, and when shaken with aqueous sodium 
carbonate slowly changed to an oil, which slowly dissolved; the 
‘ solution gave no precipitate with hydrochloric acid, but on adding 
calcium chloride to it, and extracting with acetone, a solid com- 
pound was removed, which ultimately solidified, and had the 
properties of the oximinolactone next described. 
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1O--C: NOH 
syn-a-Oximinobutyrolactone, oe .OH ” 
~~" 


The crude oil from which the crystalline ethyl oximinobromo- 
butyrate had been isolated was freed from solvent, placed in a 
mortar, and aqueous potassium hydroxide (25 per cent.) was added 
drop by drop, with constant stirring, until the temperature showed 
no further inclination to rise. The solution was then acidified 
with hydrochloric acid, and extracted repeatedly with large 
volumes of purified ethyl acetate. The filtered extracts were 
united, and 20 per cent. aqueous potassium hydroxide, coloured 
with phenolphthalein, was added drop by drop, until vigorous 
shaking no longer had the effect of discharging the pink colour. 
The aqueous solution was then removed, acidified, and extracted 
again several times with ethyl acetate or methyl ethyl ketone. On 
evaporating the dried extracts, a solid was obtained, which was 
crystallised from a mixture of ether and light petroleum. 

Found: C=41'6; H=4°5; N=12°2.* 

C,H,O,N requires C=41'7; H=4°5; N=12°0 per cent. 

The compound is so freely soluble in water that it is somewhat 
difficult to extract economically from its aqueous solution by 
organic solvents. It dissolves fairly readily in dry ether, more 
readily in ethyl acetate, and still more so in acetone or methyl 
ethyl ketone, but is nearly insoluble in chloroform, benzene, or 
light petroleum. It crystallises from ether and light petroleum 
in well-formed flat prisms, melting and evolving gas at 109°. It 
is acidic in character, its aqueous solution reddening moist litmus 
and decomposing alkali carbonates. The salts with the metals of 
the alkalis and alkaline earths, copper, irow, and mercury(ic), are 
freely soluble in water. A white precipitate is obtained on add- 
ing basic lead acetate to the solution of the sodium salt, but no 
marked coloration is obtained on adding ferric chloride. When 
heated at 100°, the compound gradually melts and appears to 
decompose, losing its power of crystallising from cold concentrated 
aqueous solutions. In a dry tube at higher temperatures it melts, 
evolving carbon dioxide and water with a substance having a 
pungent odour resembling formaldehyde, and leaves a residue 
soluble in water. If it is boiled with concentrated hydrochloric 


* Nitrous fumes always appeared in the calcium chloride tubes during the 
combustion of the compound in air or oxygen even when a long copper 
spiral was used. By interposing a tube containing pumice moistened with 
concentrated sulphuric acid between the calcium chloride tubes and potash- 
bulbs, consistent results both for hydrogen and carbon were obtained. This 
simple plan has been successful in numerous cases of this kind. 
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acid, an odour resembling formaldehyde again becomes perceptible ; 
the resulting liquid, when rendered alkaline, reduces Fehling’s 
solution on boiling, but not in the cold, so that hydroxylamine is 
not present. The substance gave only a very transient, greenish 
coloration when subjected to Piloti’s test for ketoximes. 


Action of Nitrous Acid on w-Bromoethylmalonic Acid. Formation 
CO—-C: NOH 
of anti-a-Oximinobutyrolactone, O 
/ a > 0<on,-¢H, 


The w-bromoethylmalonic acid required for the following re- 
action was synthesised from cyanoacetic ester by the method 
described by Carpenter and Perkin (T., 1899, 75, 924 et seq.), 
but instead of isolating the intermediate cyanocyc/opropane- 
carboxylic acid, the purified ester of the latter compound (50 
grams) was hydrolysed with 20 grams of potassium hydroxide dis- 
solved in 90 per cent. methyl alcohol (180 c.c.), the alcohol then 
removed by distillation, and the residue boiled for seven hours 
with 30 per cent. aqueous potassium hydroxide (240 c.c.); the 
cyclopropanedicarboxylic acid formed was isolated by acidification 
and extraction with ether, the yield obtained being about 80 per 
cent. of the theoretical amount. 

In order to obtain oximinobutyrolactone from w-bromoethy]- 
malonic acid, it is not necessary to purify the latter; the crude 
solid which is deposited after dissolving cyclopropanedicarboxylic 
acid in concentrated aqueous hydrobromic acid (Carpenter and 
Perkin, /oc. cit.) may be transferred to porous earthenware to 
drain, then exposed over concentrated aqueous potassium hydroxide 
in a vacuum until dry; it then contains about 94 per cent. of 
bromoethylmalonic acid. Crude w-bromoethylmalonic acid (20 
grams) is dissolved in water (about 17 c.c.) contained in a soda- 
water bottle provided with a tightly fitting rubber stopper. To 
this is then added very gradually, through a test-tube drawn out 
into a long capillary, a saturated solution of sodium nitrite (6°5 
grams) in water; after each addition the stopper is firmly re- 
placed, and the whole thoroughly shaken, when effervescence takes 
place due to escape of carbon dioxide, and the pressure rises. 
The bottle is never reopened until effervescence has ceased, and 
the whole operation should take about two hours. Towards the 
end, the oximinolactone begins to be deposited as a white, crystal- 
line solid, and after some twelve hours is removed, the filtrate 
being evaporated to dryness in a vacuum, and the residue extracted 
repeatedly with boiling absolute alcohol, which on evaporation 
yields another crop of the product. The substance is easily purified 
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by crystallisation from alcohol, and is obtained in a yield repre- 
senting 78—80 per cent. of the theoretical amount. 

Found: C=41'3; H=4°5; N=12°05. 

C,H,O,N requires C=41'7; H=4°5; N=12'2 per cent. 

anti-a-Oximinobutyrolactone is not very freely soluble in water, 
is nearly insoluble in cold benzene, chloroform, or light petroleum, 
sparingly soluble in ether, ethyl acetate, or acetone; it dissolves 
more readily in hot ethyl or methyl alcohol, and crystallises from 
either solvent in colourless, semi-transparent cakes. The crystals 
from ethyl acetate often appear as long needles, and those from 
water as branched forms, somewhat resembling those of ammonium 
chloride. In all cases, the dry crystals melt and evolve gas at 
192°. The gas has the odour of ammonia, and has a strongly 
alkaline reaction towards litmus. In its acid reaction and its 
power of decomposing carbonates it resembles its isomeride, but 
in other respects it differs markedly from the latter. Thus, when 
it is boiled with aqueous hydrochloric acid for a few minutes, and 
the solution is rendered alkaline, and mixed in the cold with 
Fehling’s solution, rapid reduction of the latter takes place; if the 
alkaline solution is acidified with acetic acid and mixed with 
phenylhydrazine acetate, the phenylhydrazone described later is 
deposited. As the oximino-compound does not respond to these 
tests before treatment with hydrochloric acid, it is evident that the 
latter hydrolyses the anti-oxime into a-tetronic acid and hydroxy]l- 
amine. 

When a solution of trans-a-oximinobutyrolactone in water or 
pyridine is carefully treated with bromine, it is converted almost 
quantitatively into a brilliant, insoluble blue liquid, which is 


evidently the bromonitroso-compound, ban CBr NO. This 


is unstable, readily loses bromine, on treatment with solvents or 
hot water ; a-tetronic acid did not appear to be present among its 
decomposition products. 


Reduction of trans-a-Oximinobutyrolactone. Formation of 
a-A minobutyrolactone. 


The finely powdered compound was shaken with excess of granu- 
lated tin and a little ice-cold, concentrated hydrochloric acid, when 
the oxime slowly dissolved ; the whole was allowed to remain in a 
freezing mixture for two and a-half hours, then diluted, freed from 
tin by hydrogen sulphide, filtered, and evaporated. The residue, 
on addition of a mixture of absolute alcohol and ether, deposited 
white crystals, melting at 194°. This salt was not recrystallised, 
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but was converted partly into the free amino-acid and partly into 
the benzoyl derivative of the corresponding lactone. These com- 
pounds melted at 185—186° (with evolution of gas), and at 141°, 
and in general had all the properties ascribed by Fischer (Ber., 
1907, 40, 110, 113) to a-aminobutyric acid and a-benzoylamino- 


butyrolactone respectively. 
‘ 


Action of Benzenediazonium Chloride on w-Bromoethylmalonic 
Acid. Formation Pat a-Ketobutyrolactone phenylhydrazone, 
H-C,H, 
Oo ven “g N 


Benzenediazonium atniite “ ‘sii dissolved in a little water 
was added in small quantities to a solution of w-bromomethylene- 
malonic acid (1 mol.), previously neutralised with sodium 
carbonate. Clouding took place within a few minutes, and carbon 
dioxide was evolved. At the end of half an hour, the yellow pre- 
cipitate no longer increased in quantity, and was therefore 
separated and recrystallised from glacial acetic acid. It was 
identical with the hydrazone obtained from the anti-oxime by the 
method above described. 

Found: C=62°8; H=5-2. 

CyoHyO,N, requires C=63°15; H=5°25 per cent. 

The compound separates from hot glacial acetic acid in pale 
yellow, flat needles or plates, according to conditions, and melts 
at 223—224°. It is insoluble in cold alkali hydroxides, but dis- 
solves slowly when warmed with aqueous sodium hydroxide, and is 
recovered almost unchanged on acidifying the solution. It is not 
appreciably affected by boiling with hydrochloric acid for an hour. 


Experiments on the Elimination of the Oximino-group from the 
anti-Ozime of a-Ketobutyrolactone. Formation of a-Tetronic 


CO- tn CO—CO 
Acid, <on,-¢ or es Se: 

Numerous modes of pee the oximino-group were tried, 
but owing to the instability of the product when heated and 
towards the reagents used, the difficulty in extracting it from 
aqueous solution, and of separating it from the unaltered oxime, 
which was almost invariably present, no satisfactory method of 
preparing a-tetronic acid (a-ketobutyrolactone) was found. 

Hot mineral acids yield some free lactone, but, possibly owing 
to reversibility of the reaction, the quantity of unaltered oxime 


always largely exceeded that of the desired product, which pro- 
longed action of the mineral acid destroys. In the presence of 
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formaldehyde or methylene sulphate, reaction is much more rapid, 

but the product mainly consists of amorphous compounds, prob- 
ably of high molecular weight. By the action of nitrosyl sulphate 
on the oxime in formic acid (Bouvéault’s method), or of ferrous 
sulphate and hydrochloric acid, a small proportion of the free 
lactone can be obtained, and a large quantity by the action of 
sodium sulphite. The following process gave the best results. 

Sodium sulphite (15 grams of crystals) was gradually added to 
the oxime (5 grams) suspended in warm water, when effervescence 
took place after each addition. The solution was heated on the 
water-bath for some minutes, then acidified with excess of hydro- 
chloric acid, and evaporated as rapidly as possible at a low 
temperature in a vacuum. The viscous residue was extracted re- 
peatedly with cold purified ethyl acetate (1000 c.c.), and the 
extract evaporated, towards the end in a vacuum. The residue, 
by extraction with dry ether and spontaneous evaporation, finally 
gave a mixture of unaltered oxime, and needle-like crystals, which 
were separated only with much difficulty by repeated crystallisa- 
tion from dry ether. The process of purification cannot be in- 
definitely prolonged, as the ketolactone slowly decomposes, even in 
the cold ethereal solutions. 

Found: C=47°96; H=4°17. 

C,H,O, requires C=48°00; H=4°00 per cent. 

From several such experiments, rather more than 2 grams of 
the compound free from nitrogen were isolated. Its nature and 
approximate purity were established by dissolving 0°3 gram in 5 c.c. 
of cold water, and adding 0°5 gram of phenylhydrazine dissolved in 
5 cc. of cold 10 per cent. acetic acid; the precipitates which 
separated were collected after an hour, washed with dilute acetic 
acid, and dried; the phenylhydrazone obtained weighed 0°54 gram 
(theory=0°57), was a homogeneous material consisting of slender 
yellow needles, and melted fairly sharply at 219—221°. 

When it was dissolved in water containing hydroxylamine hydro- 
chloride, and the solution then evaporated to dryness, colourless 
rhombohedra were deposited. These melted and decomposed at 
191—192°, and were identical with those of trans-a-oximinobutyro- 
lactone in all respects. 

a-Tetronic acid (a-ketobutyrolactone ?) dissolves very freely in 
water or alcohol, somewhat sparingly in ethyl acetate, and still 
more sparingly in ether; it is practically insoluble in benzene, 
chloroform, or light petroleum. It crystallises from ethyl acetate 
or water in needles or prisms, and melts sharply at 111°. When 
heated at its melting point, it slowly decomposes, and evolves an 
odour resembling that of a mixture of formaldehyde and pyruvic 
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acid; it also decomposes, although much more slowly, in solution, 
and yields a reddish-brown acid liquid. 

The aqueous solution of the compound is acid to litmus, but 
even with phenolphthalein as indicator gives an indefinite end- 
reaction when titrated with alkali. Ferric chloride imparts a 
deep red colour to the solution, and silver nitrate is reduced in 
the cold by a faintly ammoniacal solution of the compound. 
Owing to the very small quantity of the acid available, a more 
detailed examination of its properties was impossible. 


Action of Nitrous Acid on Monoalkylmalonic Acids. (With 
WALTER SHARRATT.) 


The action of nitrous acid on monoalkylmalonic acids does not 
appear to have been studied, although the reactions of nitrous 
acid with malonic acid itself, with a-monoalkylacetoacetic acids and 
their esters, have been somewhat fully investigated by Bouveault 
and others. Bergreen (Ber., 1887, 20, 533) examined the 
behaviour of ethyl methylmalonate towards nitrous acid in the 
presence of sodium ethoxide, and found that the reaction proceeded 
probably according to the equation 

CH,;°CH(CO,Et), + NaOEt + HNO, = 

CH,°C(-NOH)-CO,Et + NaO-CO,Et + HOEt, 
but he did not find it capable of general extension as a method for . 
the preparation of a-oximino-esters or acids. 

The readiness with which w-bromoethylmalonic acid reacts with 
nitrous acid under the conditions described in the present paper 
suggested the desirability of trying how other w-alkylmalonic acids 
behaved. 

Benzylmalonic acid (9°7 grams) was dissolved in the smallest 
possible quantity of water in a soda-water bottle, and sodium 
nitrite (3°6 grams) in saturated aqueous solution was introduced 
in small portions, the bottle being tightly corked after each addi- 
tion to prevent loss of nitrous acid with escaping carbon dioxide. 
The crystalline precipitate which finally collected was the sodium 
salt of a-oximinophenylpropionic acid, and was decomposed with 
the calculated quantity of hydrochloric acid, and the free acid 
thus obtained was separated by filtration and crystallised from 
dilute alcohol. The yield was 62 per cent. of that theoretically 
possible. (Found: C=60°0; H=5'1; N=7°6. C,H,O,N requires 
C=60°3; H=5'1; N=7°8 per cent.) 

The compound formed white needles, which melted and decom- 
posed at 155°, and had all the properties of Erlenmeyer’s oxime 
from phenylpyruvic acid. 

It was noticed that if in the above preparation the addition of 
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hydrochloric acid was unduly delayed, the crystals of sodium salt 
were gradually replaced by a colourless oil, which boiled at 231°, 
and when treated with hot alkali hydroxide evolved ammonia and 
gave phenylacetic acid. It was doubtless the nitrile of the latter 
acid formed by the loss of the elements of sodium hydrogen 
carbonate from the sodium salt. 

Found: C=81'7; H=6'1. 

C.H-N requires C=82°1; H=6°0 per cent. 

When ethyl-, methyl-, or allyl-malonic acid is treated with 
nitrous acid under similar conditions, the interaction proceeds very 
imperfectly, a considerable amount of tho unchanged malonic acid 
being recoverable in each case; the product, moreover, was mainly 
the nitrile, which is formed by the withdrawal of the elements of 
water and carbon dioxide from the expected oximino-acid. All 
modifications of the method which were tried gave varying quanti- 
ties of the same products. It may be concluded, therefore, that 
whilst the method furnishes good results in certain isolated cases, 
it cannot be regarded as one that is generally applicable. 


THE UNIVERSITY, 
MANCHESTER. [ Received, August 12th, 1915.] 


CXLI.—Studies on Cerium Compounds. Part I. Basic 
Ceric Sulphates and the Colour of Cerium 
Dioxide. 


By James FREDERICK SPENCER. 


Ceric sulphate dissolves readily in cold water, with the formation 
of yellowish-red acid solutions, which, on dilution or when boiled, 
deposit a pale yellow, amorphous solid. This substance, although 
not fully characterised, is described by Meyer and Aufrecht (Ber., 
1904, 37, 140) as a basic ceric sulphate containing cerium in the 
cerous condition. Hauser and Wirth (Zeitsch. anorg. Chem., 1908, 
60, 242) describe two basic ceric sulphates, 4CeO,,3S80,,12H,O, a 
pale yellow, crystalline substance, obtained by keeping a dilute 
ice-cold solution of ceric sulphate at 0° for twenty-four hours, and 
2CeO,,380;,4H,O, by treating a saturated solution of ceric sulphate 
in the same way. The latter compound is very readily soluble in 
water. 

The identification and isolation of basic salts can only be re- 
garded as trustworthy when there is, in the method employed in 


1266 SPENCER: STUDIES ON CERIUM COMPOUNDS. PART I. 


their preparation, something that guarantees the presence of a 
single chemical individual. Should there be no such indication of 
the uniformity of the product, it will often happen that a mix- 
ture of two or more substances is erroneously described as a 
uniform substance, generally because the ratio between number of 
molecules of the acid and basic constituents is more or less constant 
and simple. 

A method has been adopted in the present investigation which 
was originally described by Lash Miller and Kendrick (Trans. Roy. 
Soe. Canada, 1901, [ii], 7, 259; J. Physical Chem., 1903, 7, 259), 
and furnishes a guarantee of the uniformity of the products of 
hydrolysis. This method is based on the principles of the phase 
rule, which state that the conditions of equilibrium in a hetero- 
geneous system are governed by the relationship: number of com- 
ponents + 2=number of phases+ number of freedoms. 

The method will be more clearly explained by the consideration 
of the details of a single experiment. A saturated solution of 
ceric sulphate, in the presence of an excess of ceric sulphate, de- 
posits a basic salt on dilution. On keeping the mixture until 
equilibrium obtains, a system is formed which consists of three 
components, namely, cerium dioxide, sulphuric anhydride, and 
water, in the four phases, solid normal sulphate, solid basic 
sulphate, solution, and vapour. This system at constant tempera- 
ture is invariant. Consequently, as long as two solid phases are 
present, the composition of the solution is, of necessity, constant. 
If now more water is added, some of the normal salt will pass 
into solution, and more of the basic compound will be precipitated, 
but as long as two solid phases are present, the composition of the 
liquid phase must remain constant. As soon as one of the solid 
phases disappears, further addition of water will bring about a 
change in the composition of the liquid phase. The liquid phase 
will continue to change in composition with all further additions 
of water until the number of phases again becomes four by the 
formation of a further basic compound, when it will again become 
constant. Consequently, the change or absence of change in the 
composition of the liquid phase indicates the presence of one or 
two solid phases, that is, the presence of one or two chemical in- 
dividuals. It will be obvious, therefore, that if the composition 
of the liquid phase is known, that of the solid phase may be 
calculated, the final proof of the composition of the basic com- 
pound being obtained by analysing the isolated single solid phase. 

It will be obvious that this method is only applicable when the 
basic salts concerned are sparingly soluble. Using this method, 
the compound CeO,,SO;,2H,O has been prepared and _ isolated. 
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There is no indication of the existence of the two basic compounds 
described by Hauser and Wirth, but it does not, however, follow 
that these compounds do not exist at 0°, as described above. A 
second basic sulphate, 3CeOQ,,4SO,, has also been isolated by the 
action of heat on ceric sulphate. 

The analysis of the basic salts leads to the formation of cerium 
dioxide, and in some of the earlier experiments a pure white dioxide 
was obtained. The colour of cerium dioxide has been the subject 
of a large number of experiments and much discussion. If the 
position of cerium in the periodic system is correct, then, coming 
as it does in group IV, A, between zirconium and thorium, the 
colour of the dioxide ought to be white. The colour of cerium 
dioxide has been variously described as white, pale yellow, and 
pale red. The reddish colour has been definitely shown to be due 
to the presence of traces of the didymium oxides, but there is no 
such definite explanation of the yellow and white colours. 
Wyrouboff and Verneuil (Compt. rend., 1897, 124, 1300) and 
Sterba (ibid., 1901, 138, 221) have described cerium dioxide as a 
pure white substance, whereas Brauner has shown that the white 
oxide in all probability owes its colour to the presence of traces 
of silica, and the variously shaded yellow products represent 
different polymeric modifications of the oxide. 


EXxPERIMENTAL. 
Hydrolysis of Ceric Sulphate. 


The ceric sulphate used in these experiments was prepared from 
cerium dioxide, which had a faint yellow colour, and had been 
separated from the other elements of the cerium group by the 
Drossbach permanganate method, as modified by Roberts (Amer. 
J. Sci., 1911, [v], $1, 350). A concentrated solution of cerium 
chloride, prepared from this oxide, gave no absorption spectrum 
when examined in a layer 100 mm. thick, thus showing the absence 
of praseodymium and neodymium oxides. 

The sulphate was prepared by adding pure sulphuric acid to a 
quantity of the dry oxide in a porcelain dish, and heating on a 
water-bath until the oxide was converted into the sulphate. The 
product was separated from free sulphuric acid by repeatedly 
centrifuging the product with glacial acetic acid. When com- 
pletely free from sulphuric acid, the sulphate was dried over 
potassium hydroxide. 

An accurately weighed quantity of the sulphate, which had 
been dried at 115°, was introduced into a bottle, 150 c.c. of 
diluted sulphuric acid of known concentration were added, and the 
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bottle shaken in a thermostat at 25° for seven days. The contents 
were allowed to settle, and then measured quantities of the clear 
solution were removed by carefully calibrated withdrawal pipettes, 
and analysed. After the analysis had been completed, a measured 
quantity of water was added, the bottle again shaken for 
seven days, and the solution again analysed. This process was 
repeated as long as the solution contained material in quantity 
sufficient for accurate analysis. 

The analysis of the solution consists in the determination of the 
amount of sulphuric acid, free and combined, and the amount of 
cerium dioxide, all of which is, of course, combined with sulphuric 
acid. The former estimation was effected by adding a measured 
excess of standard sodium hydroxide, which was prepared from 
sodium, and then titrating the excess with standard sulphuric acid, 
phenolphthalein being used as indicator. The cerium dioxide was 
estimated by filtering the precipitated hydroxide from the sulphate 
estimation, and igniting to oxide and weighing. The results of 
the series of hydrolysis experiments are given in the following 


table. 
TaBLeE I. 


Initial Quantities. 89126 Grams of Ce(SO,),: 150 c.c. of 
0°1009V-H,SO,. 


Vol. of 
solu- Composition of 
Total tion re- solution Composition of 
vol. of moved Vol. of , solid phase. 
No. solu- for an- water Acid Wt. of Wt. of , 
of tion. alysis. added. titre. SO, per CeO, per Wt. of Wt. of Ratio 
Expt. cc. 60. 6C. 6.6. litre. litre. SO,. CeO,. CeO,:SO, 
1 150 40 50 33:45 20-496 6-303 1-8222 3-67425 1:1-05 
2 160 50 50 22°59 13-8424 3-693 1-8623 3-7767 1:1-06 
160 50 50 15°23 9-3328 2-245 1-89145 3-82373 1: 1-06 
160 60 60 10-41 6-37925 1-4365 1-89740 3-84084 1: 1-05 
160 60 60 6-505 3-98640 1-0730 1-89750 3-81281 1: 1-07 
160 60 60 4:06 2-48792 0-7395 1-89894 3-80179 1: 1-07 
160 60 60 2-58 1-58080 0-4960 1-89398 3-79623 1: 1-07 
160 60 60 1:63 0-99880 0-3560 1-89216 3-78929 1: 1-07 
160 60 60 1:09 0-67056 0-2876 1-88475 3-77870 1: 1-07 
160 90 100 0-776 0-47752 0-2366 1-87540 3-76960 1: 1-07 
170 100 150 0-448 0-27432 0-1896 1-86220 3-75393 1: 1-06 
220 150 — 0-359 0-20529 0-1100 1-83623 3-72450 1: 1-06 


Sana orm ce 


~ 
— 
laa ll 


—— 
toe os 


The second column of the table gives the total volume of the 
solution at equilibrium, the third column gives the volume of solu- 
tion removed for analysis, the fourth column the volume of water 
added after the analysis was completed. Column five gives the 
titre of the solution in c.c. of 0°1532N-sodium hydroxide. Experi- 
ments No. 1—5 were carried out with alkali of this strength, 
6—9 with 0°0831N-alkali, and 10—12 with 0°03344N-alkali, the 
values being then calculated to the basis 0°1532N-alkali. Column 


SPENCER: STUDIES ON CERIUM COMPOUNDS. PART I. 1269 


six gives the weight in grams of the total sulphur trioxide in the 
solution. The significance of the remaining columns will be 
obvious from the table. The results show that ceric sulphate is 
hydrolysed by water to form a basic sulphate which contains 
cerium dioxide and sulphuric anhydride in the ratio CeO,: SO;= 
1:1. This compound is stable in contact with dilute sulphuric 
acid of the concentration 0°370V to 0°02, and no other basic 
sulphate exists at these concentrations under the experimental 
conditions. 

To confirm the composition of the basic compound, the solid 
phase was filtered and, without washing, dried on a porous plate 
over sulphuric acid, and analysed. The cerium dioxide was esti- 
mated by strongly igniting a weighed quantity and weighing the 
oxide produced : 

0°7696 gave 0°4634 CeO,. CeO,=60°21. 

The amount of sulphur trioxide was estimated by dissolving the 
substance in hydrochloric acid in the presence of a little potassium 
iodide, precipitating as barium sulphate, and weighing: 

0°2835 gave 0°2234 BaSO,. SO,=27°03. 

Hence by difference the compound contains H,O= 12°76. 

CeO,,80,,2H,O requires CeO,=59°74; SO,=27'73; H,O=13°53 
per cent. 


In view ot the statement of Meyer and Aufrecht (/oc. cit.) that 
the compound formed by the addition of water to a solution of 
ceric sulphate contains cerium in the cerous condition, it was 
deemed well to estimate the amount of cerium present in the ceric 
condition. This was carried out according to the method described 
by Browning (Amer. J. Sci., 1899, [iv], 8, 451). A weighed 
quantity of the substance (0°1—0°15 gram) was placed in a 100 c.c. 
stoppered bottle, 1 gram of potassium iodide dissolved in 10 c.c. 
of water added, and then the air was displaced by carbon dioxide. 
Ten c.c. of hydrochloric acid were added, and the bottle stoppered 
and heated on the water-bath for an hour. When the whole of 
the substance had dissolved, the bottle and contents were allowed 
to cool, washed out into 400 c.c. of water, and the liberated iodine 
was titrated with standard sodium thiosulphate solution. From 
the titration values, the percentage of cerium dioxide was calcu- 
lated according to the equation 

2CeO, + 8HCl + 2KTI=2CeCl, + 4H,O + I,. 


0°1358 required 17°78 c.c. of sodium thiosulphate (1 c¢.c.= 
000329 gram of iodine). CeO,=58'42. Consequently, the 
basic compound does not contain cerium in the cerous con- 
dition. 
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The compound CeO,,SO,,2H,O is a pale yellow, amorphous 
powder, which is sparingly soluble in water, and hydrolysed 
thereby, giving an acid solution. The sparing solubility of the 
compound makes it impossible to follow the hydrolysis by the 
method used above, but the following experiments show that the 
hydrolysis proceeds much further, and in all probability advances 
to the stage ceric hydroxide. 

Equal quantities of the compound CeO,,80,,2H,O were shaken 
with various quantities of water for several days, when the solid 
phase was analysed, and the ratio CeO,: SO, calculated. 


Volume of water. 
150 c.c. CeO, : 


250 ,, CeO, : SO, 
400 ,, CeO, : SO, 

It has been shown from colour changes which occur in concen- 
trated solutions of ceric sulphate when sulphuric acid is added to 
them that in all probability basic salts of a deep red colour are 
formed. Since the compound isolated and described above is 
yellow, it was deemed well to investigate the hydrolysis of ceric 
sulphate in the presence of more concentrated sulphuric acid. 
For this purpose, 10°7145 grams of slightly basic ceric sulphate, 
containing 5°77297 grams of cerium dioxide and 4°79259 grams of 
sulphur trioxide, were shaken with 100 c.c. of 3°2206N-sulphuric 
acid, and the solution examined as before. The results of the 
experiments are given in table IT. 


TaB_e II. 


Initial Quantities. 100 c.c. 3°2206N-H,SO, and 10°7145 grams of 
Slightly Basie Ceric Sulphate containing 5°77297 grams of 
CeO, and 4°79259 grams of SOx. 


Vol. of 
‘solu- Composition of 
Total tion re- solution. Composition of solid 
vol.of moved Vol. of - , ~ phase. 
solu- for an- water Acid Wt.of Wt. of c : ~ 
tion. alysis. added. titre. SO, per CeO, per Wt. of Wt. of Ratio 
Cc. CC. CC. 6.C litre. litre. SO, Ce0,- CeO,:SO, 
100 50 51-09 170-7632 52-361 0-59867 0-53697 1: 2-40 
120 51-76 29-79 99-570 30-860 0-60639 0-49897 1: 2-605 
141-76 50-70 18-96 63-3716 19-624 0-58143 0-49504 1: 2-52 
162-46 46-54 12-97 43-3508 13-151 0-62107 0-55142 1:2-70 
1 
1 
1 


134-00 50 8-49 28-3768 8-750 0-61004 0-52902 1: 2-36 
109-00 75 4-61 15-4884 3-912 0-59586 0-61908 1: 2-07 
109-00 _— 143 47796 0-83100-59899 0-66155 1: 1-95 
Brauner (Zeitsch. anorg. Chem., 1898, 18, 305) has shown that 
in the presence of slightly diluted sulphuric acid, ceric sulphate 
undergoes auto-reduction to an appreciable extent. The experi- 


SPENCER: STUDIES ON CERIUM COMPOUNDS. PARTI. 1271 


ments would seem to indicate that an acid sulphate, 2CeO,,5SO,, 
is present in the solid phase, but the irregular change of the 
quantities of cerium dioxide and sulphur trioxide in the solid phase 
is not in accordance with this view. Further, the absence of the 
formation of the yellow compound CeQ,,SO;,2H,O in experiments 
5—7 furnishes further evidence that the system examined has 
ceased to be a three-component system, and has become a four- 
component system, cerium dioxide, cerium sesquioxide, sulphur 
trioxide, and water. This, naturally, gives greater freedom, and 
makes the method adopted useless for the identification of basic 
compounds, for both solid and liquid phases can change simul- 
taneously at a given temperature. All attempts to prove the 
existence of the acid sulphate indicated above failed, and thereby 
further confirmed the view that auto-reduction had occurred. 
Experiments made with the object of preparing the compound 
CeO,,SO0;,2H,O from the dioxide failed entirely, for dilute 
sulphuric acid does not attack cerium dioxide at 25°, and concen- 
trated acid partly reduces it, with the liberation of oxygen con- 
taining ozone. 


Action of Heat on Ceric Sulphate. 
A weighed quantity of ceric sulphate, which had been dried at 


115°, was cautiously heated in an air-oven in a platinum dish. 
Slight loss of weight was observed at 155°, due to the evolution of 
sulphur trioxide, the compound becoming white at the edges. The 
temperature was then raised to 195°, and kept constant as long as 
there was any loss of weight. The weight became constant after 
thirty hours’ heating, the compound being pure white. 

Calculation from the loss of weight indicated that the white 
compound is a basic sulphate, 3CeO,,4S0,. 

0°4068 Ce(SO,), lost 0°0652 SO;. SO,=16°02. The formation 

of 3CeO,,4SO, requires a loss of 0°0653 SO;,. SO,=16°05 per 
cent. 

On raising the temperature, a further slow loss of sulphur tri- 
oxide commences at 250°, and at 300° the loss in weight is con- 
tinuous until cerium dioxide is formed. 

The compound formed at 195° and that formed at 240° were 
analysed. The cerium dioxide was estimated by ignition, and the 
sulphur trioxide by solution in hydrochloric acid, aided by a little 
potassium iodide and precipitation by barium chloride. In both 
cases the same composition was found: 

0°4202 gave 0°2593 CeO,. CeO,.=61°71. 

0°3124 ,, 0°3487 BaSO,. SO,=38°28. 

3CeO,,480, requires CeO,=61°75 ; SO,;=38°25 per cent. 
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The properties of the compound prepared at the lower and 
higher temperatures, however, differ somewhat. Both substances 
are white, amorphous powders, which dissolve to some extent in 
cold water, producing an acid solution. The compound prepared 
at the lower temperature leaves a yellow substance, insoluble when 
it is treated with water, whereas the compound prepared at the 
higher temperature leaves a white residue. Both substances dis- 
solve in hydrochloric acid, with the evolution of chlorine, that pre- 
pared at the lower temperature dissolving more readily than the 
compound prepared at the higher temperature. 


The Colour of Cerium Dioxide. 


When ceric sulphate or the compound 3CeO,,4SO, is heated for 
a prolonged period at temperatures below a red heat, cerium 
dioxide is formed, which is pure white. The absence of colour in 
the dioxide thus prepared may be due to one of several causes, 
one of which may be that cerium dioxide, as usually prepared, 
owes its yellow colour to the presence of the oxide of an unknown 
element, and that this has been removed in the preparation of the 
ceric sulphate from which the oxide was obtained. 

To settle this point, a quantity of white cerium dioxide was pre- 
pared from ceric sulphate which had been exhaustively washed 
with glacial acetic acid. The acetic acid washings were collected 
and distilled, the residue being ignited, when a pale brown oxide 
was obtained. The ceric sulphate was converted into dioxide, and 
the whole process repeated, when a small quantity of the brown 
oxide was obtained. After a third repetition, pure white cerium 
dioxide was obtained from the sulphate. The nature of the brown 
substance has not yet been settled, but it is strongly reminiscent of 
Brauner’s metacerium oxide (Chem. News, 1895, 71, 283). 

Examination of the white cerium dioxide showed that it became 
bright yellow on heating, but the colour was lost on cooling again 
if the heating had not been too intense or persistent. After heat- 
ing to redness, the oxide became pale yellow on cooling, and at a 
bright redness the yellow colour was slightly more intense on cool- 
ing, but in no circumstances did the yellow colour become very 
strong when the product had cooled. When the white oxide was 
strongly ignited in a blowpipe flame, a visible shrinkage was 
observed. In no case was there any loss of weight on heating the 
white oxide, thus showing that the white colour of the oxide is 
not in any way due to the presence of basic sulphate. That the 
colour is due to the presence of silica, as suggested by Brauner 
(loc. cit.), is disproved by the following experiment. 

A quantity of the white oxide was heated in a platinum dish on 
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the water-bath with a solution of hydrofluoric acid. When the 
mass had become quite dry, concentrated sulphuric acid was added 
to decompose the cerous fluoride, and the mass again evaporated 
to dryness. The ceric sulphate thus formed was decomposed below 
a red heat, and pure white cerium dioxide remained. 

It may therefore be stated that cerium dioxide prepared below 
a red heat is pure white, and that on strongly heating it contracts 
in volume and becomes slightly yellow, probably due to poly- 
merisation. 


Summary. 


(1) The hydrolysis of ceric sulphate has been studied, and, on 
the basis of the phase rule, a pale yellow, basic sulphate, 
CeO,,80,,2H,O, has been isolated and characterised. 

(2) This compound is stable in contact with sulphuric acid of 
concentration 0°370N to 0°02N, and is further hydrolysed by 
water. 

(3) On heating ceric sulphate to 195°, a white, basic sulphate, 
3CeO,,480,, is formed. This substance exists in two modifications. 

(4) The colour of cerium dioxide is pure white when prepared 
at low temperatures, but becomes pale yellow with decrease in 
volume on ignition. 


The cost of the investigation, of which the present paper con- 
stitutes a part, has been defrayed by a grant made by the trustees 
of the Dixon Research Fund. I wish to take this opportunity of 
expressing my thanks and indebtedness to the trustees of the fund. 


BEDFORD COLLEGE, 
ReGENT’s Park. N.W. [ Received, August 26th, 1915,] 


CXLII.—Condensation of Chloromethyl Ether with 
a-Alkylacetoacetic Esters. 


By Artuur Lapworts and Bensamin StantEy MELLor. 


Tue authors undertook the present investigation in the hope of 
synthesising a-monosubstituted ae-diketones, 
CH,*CO-CH,°CH,*CH(Alk)-CO-CH,, 
from which, by the action of alkalis, a series of methylalkyleyclo- 
hexenes related to the terpenes might be obtained by the usual 
VOL CVII. 4.0 
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internal condensation processes which ae-diketones are prone to 
undergo in the presence of alkali. As initial step, methy] 
a-methylacetoacetate was converted into the sodium derivative, 
and this was allowed to react with chloromethyl ether ; interaction 
took place readily in the presence of dry ether, and a satisfactory 
yéeld was obtained of an ester having the composition correspond- 
ing with that of an ester formed in accordance with the equation 


CH,°CO-CNaMe-CO,-CH, + CH,Cl-O-CH, = NaCl + C,H,,0,. 


Simonsen (T., 1909, 95, 2106 et seq.) had previously examined 
the behaviour of chloromethyl ether towards ethyl sodioaceto- 
acetate and ethyl sodiomalonate, and found that whilst the latter 
behaved normally, yielding methoxymethylenemalonic _ ester, 
CH,*O-CH,*CH(CO,Et),, the former yielded, not the C-, but the 
O-substituted, derivative, namely, ethyl methoxy-8-methoxy- 
crotonate, CH,*C(O-CH,°O-CH,):CH-CO,Et. Ethyl cuproaceto- 
acetate, on the other hand, gave a C-substituted derivative, although 
the reaction proceeded further than the first stage, and ethyl 
diacetylglutarate (T., 1909, 95, 2111) was obtained. 

Whilst O-substitution derivatives of acetoacetic ester are formed 
from the sodio-derivative in certain instances, as, for example, 
when ethyl chlorocarbonate reacts with the latter compound 
(Claisen, Ber., 1892, 25, 1768), the O-substitution derivatives of 
a-alkylsubstituted acetoacetic esters are but little known, and the 
‘ present authors anticipated that the product from ethyl sodio- 
methylacetoacetate would consist largely of the C-substitution 
derivative. Careful examination, however, proved that this pro- 
duct, when shaken with 50 per cent. aqueous potassium hydroxide to 
remove unaltered ethyl methylacetoacetate, was homogeneous and 
entirely free from any ketonic ester. The new ester, which was 
unsaturated in character, was attacked by alkali hydroxides far 
less readily than was Simonsen’s ester, but was slowly hydrolysed 
by cold alcoholic potassium hydroxide, yielding an acid which 
decomposed when heated, with the evolution of carbon dioxide 
and the formation of a stable neutral, colourless oil; this oil was 
unsaturated, and when heated with acids underwent decomposi- 
tion, with the formation of formaldehyde and methyl ethyl ketone. 
The same products, together with carbon dioxide, were obtained 
by heating the acid itself with water in closed tubes at 150°. 
There can be no doubt, therefore, that the original ester was the 
methyl ester of methoxy-8-methoxy-a-methylcrotonic acid, formed 
in accordance with the equation 


0-CH,*OMe 
CMe-CO,Me’ 


COMe-CNaMe-CO,Me + CH,Cl-OMe = CMe 
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whilst the decomposition of the free acid by heat or by mineral 
acids proceeds in accordance with the scheme 
0-CH,"OMe 


O-CH,"OMe 
CMe<ome-CO,H —> CO, + CMe<oua? — 


CMe< On Me + CH,0 + HOMe, 


the intermediate compound evidently being a derivative of the 
enolic form of methyl ethyl ketone. 

The foregoing decomposition proceeds in a manner which is 
quite different from the complicated one which Simonsen’s 
methoxy-8-methoxycrotonic acid undergoes. When the latter com- 
pound is distilled, two molecules react with one another, and a 
curious ester of methoxy-8-methoxycrotonic acid is produced, 
apparently in accordance with the scheme: 

20Me-CH,"0-CMe:CH-CO,H — 

COMe:-CH,°CO,H + OMe-CH,°O-CMe:CH:CO,°CH,:OMe. 

The authors also investigated the interaction of ethyl sodio- 
benzylacetoacetate and chloromethyl ether. The results were of 
the same kind as when methyl sodiomethylacetoacetate was used, 
the product being the O-substitution derivative, 

OMe-CH,:O-CMe:C(CH,Ph)-CO,Me, 
the free acid from which, on suitable treatment, underwent a series 
of changes, ultimately leading to benzylacetone. 


0-CH,-OMe O-CH,-OMe 
CMe<¢(¢H?Ph)-co,a > ©M*<on-ch.Ph 


0 
OMe<ou,-CH,Ph. 


Methyl methoxy-8-methoxy-a-methylcrotonate condenses readily 
with ethyl or methyl acetoacetate in the presence of acetic 
anhydride and zine chloride, yielding crystalline products; that 
from methyl acetoacetate had the empirical formula C,,H,,0;, with 
which the molecular weight, as determined by the cryoscopic 
method, was substantially in agreement. The compound when ex- 
amined for methoxyl groups by Zeisel’s method gave off two mole- 
cular proportions of methyl iodide. It is, however, impossible to 
state with certainty that these correspond with the presence of 
methoxy- and carbomethoxy-groups only, as in special experiments 
with methyl methoxy-8-methoxy-a-methylcrotonate the latter gave 
off three molecular proportions of methyl iodide, indicating that 
the group -O-CH,°O- may be converted into methyl iodide during 
the Zeisel process. Repeated attempts to throw light on the exact 
nature of these condensation products were without result, and no 


402 


On v1 Pr 


NGC IS 3-5 


2 Ee RT REITER CT EPs er OR Gere wee > 


. 
' 
4 
i 
i 
f 
i 
f, 
i 


1276 LAPWORTH AND MELLOR: CONDENSATION OF 


useful purpose would at present be served by speculating on the 


matter. 
ExPERIMENTAL. 


Action of Chloromethyl Ether on Methyl Sodio-a-methylaceto- 
acetate. Methyl Methoxy-B-methoxy-a-methylcrotonate, 
OMe-CH,°0O-CMe:CMe-CO,Me. 


Finely divided sodium (145 grams) is suspended in carefully 
dried ether (300—400 c.c.) contained in a litre flask attached to a 
long, reflux condenser. Through the latter is gradually added 
methyl a-methylacetoacetate (81 grams), while the flask is con- 
stantly shaken. At the end of three hours the flask is surrounded 
with ice-cold water, and chloromethyl ether (50 grams) dissolved in 
dry ether (100 c.c.) is introduced very gradually, constant shaking 
being employed. After some twelve hours, water is added, the 
ethereal layer is separated, dried over anhydrous sodium sulphate, 
filtered, and evaporated, the residual oil being distilled in a 
vacuum. After repeated fractionation, the bulk of the oil distils 
at 110—115°/18 mm. 

Methyl Methozy-B-methozy-a-methylcrotonate is a colourless oil 
with a faint, but pungent, ethereal odour. It boils at 113°/18 mm., 
and is stable for an indefinite time towards 50 per cent. potassium 
hydroxide and sodium hydrogen sulphite solutions, both of which 
rapidly remove unchanged ethyl methylacetoacetate from it. It 
absorbs bromine rapidly, but without exhibiting any sharp end- 
point, even in the presence of sodium acetate. When the ester is 
shaken with aqueous potassium permanganate, it rapidly discharges 
the colour of the latter. It has no action on warm phenyl- 
hydrazine. 

Found: C=55'0; H=8°0. 

C,H,,0, requires C=55°2; H=8'1 per cent. 


Methoxy-B-methoxy-a-methylerotonic Acid, 
OMe-CH,°O-CMe:CMe-CO,H. 


A solution of potassium hydroxide (10 grams) in methyl alcohol 
(60 c.c.) is slowly added to the above ester (10 grams), care being 
taken to avoid any marked rise in temperature. Hydrolysis is 
complete after two or three days in the cold, when the alcohol is 
distilled off, water added to dissolve the residual solid matter, and 
the solution extracted several times with pure ether. The aqueous 
liquid, if then acidified with hydrochloric acid and filtered from 
potassium chloride, slowly deposits feathery crystals, which may 
be collected, dried, and recrystallised from light petroleum (b. p. 
40—60°). 


ha isa 
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Found: C=52°3; H=7°5. 
C,H,,0, requires C=52°5; H=7'5 per cent. 
0°3011 required 0°1038 KOH for neutralisation with phenol- 
phthalein as indicator, whereas the above amount of a mono- 
basic acid, C,H,.0,, requires 0°1054 KOH. 

The acid crystallises from light petroleum in flat needles, melt- 
ing at 72°, and is freely soluble in most of the usual organic media, 
although only moderately so in petroleum. Its aqueous solution 
discharges the colour of bromine-water, and with excess of the 
latter hydrogen bromide is produced. It may be distilled without 
appreciable decomposition under 20 mm. pressure, but decomposes 
when heated at atmospheric pressure. 


Action of Heat on Methozy-B-methozry-a-methylcrotonic Acid. 
y-Methorymethory-A*-butylene, OMe*CH,*O-CMe.CH-CHsg. 


When the foregoing acid is heated in small quantities (10 grams) 
it loses carbon dioxide, and a yellow oil distils. The distillate 
contains some unaltered acid, but after repeated distillation yields 
a fraction boiling at 183—185°. When larger quantities of the 
acid were similarly treated, some charring took place, and a second 
fraction, having a powerful acid odour, and boiling at 102—105°, 
was obtained ; this fraction had all the characters of formic acid, 
but the nature of the reaction which gives rise to this compound 
has not been elucidated. 

The fraction boiling at 183—185° was a neutral, colourless, 
viscid oil having a powerful ethereal odour. It rapidly discharged 
the colour of a solution of bromine or of potassium permanganate. 
0°4103 Gram dissolved in ice-cold alcohol discharged the colour of 
0°543 gram of bromine, whilst a compound, C,H,,0,, with one 
ethylenic linking, requires 0°566 gram of bromine for saturation ; 
a pure bromo-derivative could not be isolated. On analysis: 

Found: C=61°91, 61°99; H=10°23, 10°29. 

C,H,.0, requires C=62°07 ; H=10°34 per cent. 

When heated with mineral acids, the substance gave the odour 
of formaldehyde, and there is therefore no doubt that it consisted 
of y-methoxrymethozry-A-butylene. 


Action of Water on Methoxy-B-methoxry-a-methylcrotonic Acid. 


The acid was heated with three times its weight of water in a 
hard glass tube at 150° for five hours. The cooled tube was 
opened, when a large quantity of carbon dioxide escaped, and the 
contents were distilled in a current of steam. Formaldehyde was 
detected by its odour and reactions, and the distillate, after extrac- 
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tion with ether and careful fractionation of the extract, yielded a 
fraction which boiled at 80—82°; this readily formed a crystalline 
compound with sodium hydrogen sulphite, and an oxime boiling 
at 152°, and had all the characters of methyl ethyl ketone. 


Condensation of Ethyl Sodiobenzylacetoacetate with Chloro- 
methyl Ether. Ethyl Methoxy-B-methory-a-benzylcrotonate, 
OMe-CH,°0O-CMe:C(CH,Ph):-CO,Et. 


This ester was prepared in precisely the manner described for 
the synthesis of methyl methoxy-8-methoxy-a-methylcrotonate, with 
the exception that ethyl benzylacetate (137 grams) was used in 
place of methyl methylacetoacetate. The crude product was 
shaken repeatedly with a 5 per cent. solution of potassium 
hydroxide in order to remove unaltered ethyl benzylacetate, then 
dried and fractionated. After several distillations, a considerable 
fraction, boiling at 174—-175°, was finally isolated. 

Found: C=68°06; H=7°53. 

C,;Ho 90, requires C= 68°18; H=7°57 per cent. 

The ester is a colourless, viscid oil with a rather pungent, 
ethereal odour, which is devoid of all ketonic properties, and is 
not appreciably affected by concentrated aqueous potassium 
hydroxide. It readily absorbs bromine, and rapidly decolorises 
a solution of potassium permanganate. 


Methoxy-B-methoxy-a-benzylerotonic Acid, 
OMe:-CH,*0-CMe:C(CH,Ph)-CO,H. 

The foregoing ester (10 grams) is boiled for four hours with 
potassium hydroxide (10 grams) dissolved in methyl alcohol, and 
the product worked up as in the case of the acid above described. 
On acidifying the solution of its potassium salt, the acid is de- 
posited as an oil, which slowly solidifies in the cold, and may be 
crystallised from a mixture of ether and light petroleum. 

Found: C=65°94; H=6°75. 

C\3H,,0, requires C=66°10; H=6°78 per cent. 
0°4432 required 0°102 KOH for neutralisation with phenol- 
phthalein as indicator, whereas the above amount of a mono- 
basic acid, C,,H,g0,, requires 0°105 KOH. 

In general characters it very closely resembles methoxy-f- 
methoxy-a-methylerotonic acid, but is somewhat more sparingly 
soluble in most media, and can be distilled without decomposition 
under 20 mm. pressure, but loses carbon dioxide when heated 
under the ordinary pressure. It crystallises in well-formed, colour- 
less needles, melting at 108°. 
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y-Methoxymethoxry-6-phenyl-A4-butylene, 
OMe-CH,°0O-C(CH,Ph):CHMe. 


This is obtained when the preceding acid is carefully heated 
under atmospheric pressure in small quantities at a time. The 
united distillates from several experiments were carefully frac- 
tionated, and ultimately gave a large fraction, boiling at 
238—240°. With large quantities, considerable decomposition 
occurs, and a small quantity of the liquid, boiling at 101—104°, 
which appears to be formic acid, is produced. 

The fraction boiling at 238—240° is a heavy, colourless liquid 
having a powerful ethereal odour, is immiscible with water, but is 
freely soluble in most organic media. It behaves towards reagents 
as a highly unsaturated compound. 

Found: C=74'88, 74°92; H=8'23, 8°30. 

C,.H,,0, requires C=75°00; H=8°33 per cent. 

0°3269 dissolved in cold alcohol absorbed 0°25 Br., the theoretical 

quantity (1 Br.) being 0°27. 


Action of Water on Methoxy-B-methoxy-a-benzylcrotonate. 


This acid (3 grams) was heated with water (10 c.c.) in a closed 
tube at 150° for four hours. Carbon dioxide escaped in consider- 
able quantity when the cooled tube was opened, and formaldehyde 
was detected in the aqueous liquid by its odour and by the usual 
tests. The oil formed was extracted with ether, dried, and dis- 
tilled. It boiled nearly constantly at 236°, combined with sodium 
hydrogen sulphite to form a crystalline compound, and had the 
odour and all the chemical character of benzylacetone. 


Condensation of Methyl Methoxy-B-methoxy-a-methylcrotonate 
with Ethyl and Methyl Acetoacetates. 


These condensations were carried out before the nature of the 
former ester was recognised, as it was expected that in the event 
of that ester proving to be the C-substitution derivative, it would 
be possible to prepare monomethyldiacetylglutaric esters in 
accordance with the scheme 

COMe-CMe(0-CH,*OMe)-CO,Me + CH,(COMe)-CO,Et= 

MeOH + COMe-CMe(CO,Me)-CH,*CH(CO,Et)-COMe. 

In the first instance, methyl methoxy-8-methoxy-a-methyl- 
crotonate (30 grams) was mixed with ethyl acetoacetate (24 grams), 
acetic anhydride (30 grams), and zinc chloride (1°5 grams), and 
the whole treated much in the manner described by Simonsen in 
his synthesis of ethyl carboxyacetylglutarate (T., 1908, 98, 1786). 
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From the product was isolated a fraction distilling at 165—166°/ 
20 mm. as a pale yellow oil, which solidified on cooling to almost 
colourless needles, melting at 47°. These appeared to be some- 
what unstable, and liquefied on exposure to the air, and also, 
although more slowly, in an exhausted desiccator. 

Found: C=61°67, 61°88; H=7°02, 7°10. 

C,.H,,0,; requires C=60°0; H=6°6 per cent. 

The great difficulty experienced in obtaining the substance in a 
pure state, and the confusion arising from the simultaneous 
presence of carbethoxy- and carbomethoxy-groups (involving the 
possibility of partial interchanges of ethyl and methyl), led to a 
repetition of the condensation with methyl instead of ethyl aceto- 
acetate. The product gave a fraction, boiling at 180—190°/ 
18 mm., which crystallised on cooling; it was drained on porous 
earthenware, and crystallised from light petroleum until constant 
in melting point. 

Found: C=584; H=6'2. 

C,,H,,0; requires C=58°4; H=6'2 per cent. M.W.=226. 
0°4302 dissolved in 12°3808 of benzene gave A‘’=—0°75°. 
M.W. = 227. 

The crystals of this compound are stable in an exhausted desic- 
cator over sulphuric acid, but change to a gummy mass on ex- 
posure to the atmosphere for a few hours. They melt at 88—88°5°. 

An application of the Zeisel method to 0°3744 gram of the com- 
pound led to the formation of 0°7096 gram of silver iodide, 
corresponding approximately with two methoxy-groups.* 

Attempts to obtain definite products by the hydrolysis of the 
compound were unsuccessful. 


The authors gratefully acknowledge that a considerable part of 
the expense incurred was defrayed from a grant awarded from 
the Chemical Society’s Research Fund. 


THe UNIVERSITY, 
MANCHESTER. [Received, August 12th, 1915.] 


* As a check on the behaviour of the group *O-CH,-O-CH,, a Zeisel estima- 
tion was carried out with 0-3320 gram of methylmethoxy-8-methoxy-a-methy]- 
crotonate, and 1-2768 grams of silver iodide were obtained corresponding 
with three methoxy-groups. The group -O-CH,-O-CH, is therefore con- 
verted by hydriodie acid into 2 molecules of methyl iodide. 
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CXLIII.—Note on the Basic Copper Formates. 
By Gerorce Fow Les. 


WHEN solutions of copper formate are boiled, an insoluble, basic 
salt, Cu(HCO,),,2Cu(OH),, is formed (Riban, Bull. Soc. chim., 
1882, [ii], 38, 113); the formula Cu(HCO,),2Cu(OH), given in 
this paper is no doubt a misprint, for a specimen gave Cu=54°5; 
formate = 25°7. Cu(HCO,).,2Cu(OH), requires Cu = 54°7; 
formate=25°8 per cent. However, if dilute solutions are warmed, 
an intermediate product, Cu(HCO,),,3Cu(OH),, is precipitated at 
temperatures below the boiling point. The compound obtained in 
this way is a pale green, crystalline powder. 

Copper hydroxide readily combines with copper formate when 
shaken with a cold solution of it to form the compound 

Cu(HCO,).,3Cu(OH), ; 
in a boiling solution the reaction is instantaneous. The compound 
prepared in this way is pale blue, and tends to become gelatinous 
on washing. If sufficient copper hydroxide is used, the whole of 
the copper formate is removed from solution. 

It is unstable in contact with a solution of the normal salt, 
passing slowly in the cold, but more quickly on heating, into the 
less basic salt, according to the equation 

2{[Cu(HCO,),.,3Cu(OH),] + Cu(HCO,), =3[|Cu(HCO,),,2Cu(OH), I. 

This change is easily shown by heating the more basic salt in a 
sealed tube for an hour with a concentrated solution of the normal 
salt, and performing a blank experiment with the same quantity 
of solution. In the cold, the action may take months for comple- 
tion. Some of the compound Cu(HCO,),,3Cu(OH), (the pale blue 
form), freshly prepared and still moist, was placed in a dilute 
solution of the normal salt; at the end of ten weeks it had changed 
into a heavy, green, crystalline powder. (Found, Cu=54°42; 
formate = 25°65 per cent.) On repeating the experiment, but using 
excess of a saturated solution, the complete conversion required 
seventeen days, when the more basic salt was added whilst moist and 
freshly prepared, but more than three months if it was first dried. 

The compound Cu(HCO,).,2Cu(OH), obtained in this way 
possesses a beautiful emerald-green colour. Its crystalline nature 
is visible to the naked eye, and under the microscope it is seen to 
consist of rhombic tablets. It is easily washed with cold water, 
but blackens if digested for some time with boiling water. 

LATYMER UPPER SCHOOL, 
HAMMERSMITH, W. [ Received, July 10th, 1915}. 
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Tue Council has ordered the following letter and report to be 
printed in the Journal of the Society: 
SALCOMBE, 
Sour Devon. 
July 24th, 1915. 
GENTLEMEN, 

I have the honour to forward the Annual Report of the 
International Committee on Atomic Weights for 1916, which has 
been prepared, as usual, by Professor F. W. Clarke, of Washington, 
and to which I have added, with his approval, the name of Pro- 
fessor Urbain. 

The Report deals with all the determinations of atomic weights 
of which particulars have been made known since the issue of last 
year’s Report. 

In accordance with a resolution of the Eighth International 
Congress of Applied Chemistry, no change in the official table of 
atomic weights has been made since 1912. For reasons which 
will be found in this and the three former Reports, we are of 
opinion that several alterations are now necessary, and should be 
made. They relate to the atomic weights of Carbon, Helium, 
Lead, Lutecium, Praseodymium, Radium, Sulphur, Tin, Uranium, 
Ytterbium, and Yttrium. 

The suggested changes are embodied in the accompanying table, 
which, it is submitted, should be adopted as the official table for 
1916. 

I am, Gentlemen, 


Your obedient Servant, 
T. E. Torre. 


The Hon. Secretaries, 
The Chemical Society, 
London. 


Annual Report of the International Committee on Atomic 
Weights, 1916. 


Although many scientific activities have been interrupted by 
the European war, a fair number of atomic-weight determinations 
have appeared since the Report for 1915 was prepared. They are, 
briefly, as follows: 

Carbohn.—Richards and Hoover (J. Amer, Chem. Soc., 1915, 37, 
95) neutralised sodium carbonate with hydrobromic acid which 
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had been standardised against silver. In this way, the ratio of 
carbonate to silver was determined. With Ag=107°88, 
Br=79°916, and Na=22°995, C=12°005. 

Sulphur—Atomic weight determined also by Richards and 
Hoover (ibid., p. 108), who measured the ratio between sodium 
carbonate and sulphate. With the values previously assigned to 
sodium and carbon, S=32°060. 

Iodine.—By the direct analysis of iodine pentoxide, Guichard 
(Compt. rend., 1914, 159, 185) finds I=126°92. 

Copper.—The electrolytic ratio between copper and silver has 
been re-measured by Shrimpton (Proc. Physical Soc. London, 
1914, 26, 292). With Ag=107°88, Cu=63°563 as the mean of 
ten determinations. 

Nickel_—CEchsner de Coninck and Gerard (Compt. rend., 1914, 
158, 1345), by reduction of nickel oxalate in hydrogen, find 
Ni=58°57. Few details are given. 

Cadmium.—By the electrolysis of cadmium chloride, Baxter and 
Hartmann (J. Amer. Chem. Soc., 1915, 37, 113) find Cd =112°417. 
This confirms the earlier work of Baxter and his colleagues, and 
gives cadmium a much higher value than was found by Hulett. 

Mercury.—By the synthesis of mercuric bromide, Baker and 
Watson (T., 1915, 107, 63) find Hg=200°57, when Br=79°92. 
This value is near that found by Easley. 

Lead.—By the analysis of lead bromide, Baxter and Thorvaldsen 
(J. Amer. Chem. Soc., 1915, 37, 1021) find Ph=207°19. With the 
chloride, Baxter and Grover (ibid., p. 1027) obtained the value 
207°21, and with the bromide, 207°19. These determinations were 
made with normal lead from widely separated and dissimilar 
sources, and are highly concordant. The value Pb=207°20 will be 
adopted in the table of atomic weights. 

Lead from radioactive minerals, however, has been found to 
differ in atomic weight from ordinary lead. For lead from 
thorite, Soddy and Hyman (T., 1914, 105, 1402) found atomic 
weights ranging from 208°3 to 208°5. Maurice Curie (Compt. 
rend., 1914, 158, 1676) studied lead from pitchblende, carnotite, 
and yttrotantalite, and obtained values from 206°36 to 206°64. 
Lead from monazite and galena was more nearly normal. 
H6nigschmid and Horowitz (Zeitsch. Elektrochem., 1914, 20, 457) 
studied lead from pitchblende, and by analyses of the chloride 
found Pb=206°735. Richards and Lembert (J. Amer. Chem. 
Soc., 1914, 36, 1329) made six series of analyses of lead chloride 
prepared with lead derived from carnotite, thorianite, pitchblende, 
and uraninite, the mean values being Pbh=206°59, 206°81, 20683, 
206°57, 206°86, and 206°36. These figures, although each series is 
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concordant within itself, show that radio-lead is variable in its 
atomic weight, and that the single, definite metal is yet to be com- 
pletely isolated. Indeed, the relations between radiolead (or 
leads) and ordinary lead are still obscure. 

Tiw.—Briscoe (T., 1915, 107, 63), by analyses of the tetra- 
chloride, SnCl,, finds Sn=118'70, when Ag=107°88 and 
Cl=35°457. This new value, which was determined with all 
modern precautions, will be adopted in the table. 

Tantalum.—Sears and Balke (J. Amer. Chem. Soc., 1915, 837, 
839), in a preliminary series of determinations of the ratio between 
TaCl, and Ag, obtained values for Ta ranging between 180°90 and 
18214. The research is to be continued. 

Praseodymium.—Baxter and Stewart (ibid., 1915, 37, 516), in 
a long series of concordant analyses of the chloride, PrCl,, find 
Pr=140°92. The rounded-off figure, 140°9, will be adopted here. 

Ytterbium.—Blumenfeld and Urbain (Compt. rend., 1914, 159, 
325), in a series of analyses of the sulphate, Yb,(SO,)3,8H,O, find 
Yb=173°54. This may be rounded off to 173°5. 

Uranium.—HOnigschmid (Zettsch. Elektrochem., 1914, 20, 452), 
from analyses of the bromide, UBr,, finds U=238'18. The value 
238°2 may properly be adopted. 

At the meeting of the International Congress of Applied Chem- 
istry in 1912, a resolution was passed favouring delay in changes 
in the table of atomic weights. In accordance with the desire so 
expressed, no changes have since been made, but several now seem 
to be necessary. These relate to C, S, He, Sn, Pb, Ra, U, Yt, 
Pr, Yb, and Lu. The reasons for the changes may be found in 
this and the three preceding Reports. They are based upon new 
determinations which seem to be better than the old. 


F. W. Ciarke. 
T. E. Torre. 
G. UrBaIn. 
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International Atomic Weights. 


Symbol 
TID said eee ciccv en Al 
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BE « unidnaxteanmndiiaddens As 
Barium .. Ba 
SEEN” Scvciavenibacasatecs Bi 
BEES bnadsiinicewsiioeicernte B 
RUN sities: hcancanenaiteas Br 
IE Sai cciiddsicciinsacans Cd 
CR iiieiincssecasidinases .. Cs 
GRUNER, drhchccinicacdaienatacs Ca 
I pik nv ncnsaceciccansencns C 
a des dies cetecedescseun Ce 
CIID 0b sanssnsoanamestens Cl 
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CII icciaineces <isons Cb 
COPPEE .2020.ccvccecccccccccese Cu 
DTI: 66.5600. cosnscsssie Dy 
BEE. sdassdnciaiabactaniens Er 
si iiiticiicricinnns Eu 
PONE nhnrdinasiicensenansye F 
Gadolinium ................-. Gd 
GR, hiicasses cs scacecne Ga 
Germanium .................. Ge 
GOIN insti dexiccninnceucs Gl 
NE dccesienindtdnti dicorsensass Au 
PR ctsinccsciaisnssacsseave He 
IR anscctenaetetaaenens Ho 
BPD sos setecnssiesnsanies H 
BIR Se ta bidcSoStracdaten sce In 
BD itesiatativkcacstci I 
I sincrdsinsissaisecaiconiae seas Ir 
BOE ticeccns .. Fe 
SID .-hecninnnsiornicbnils Kr 
Lanthanum ............ ..... La 
BID ettandogucsutabicacasé. seams Pb 
ID - iviccaciepsnenivenaicn Li 
BI aa Sisdniciasictinnd Sec Lu 
Magnesium .................5 Mg 
Manganese ................+. Mn 
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weight. 
27°1 
120°2 
39°88 
74°96 
137°37 
208°0 
11°0 
79°92 
112°40 
132°81 
40°07 
12°005 
140°25 
35°46 
52°0 
58°97 
93°5 
63°57 
162°5 
167°7 
152°0 
19°0 
157°3 
69°9 
72°5 
9-1 
197°2 
4°00 
163°5 


1008 | 


114°8 
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193°1 
55°84 
82°92 
139°0 
207 °20 
6°94 
175°0 
24°32 
54°93 
200°6 
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Molybdenum ............... Mo 
Neodymium. ...............45 Nd 
BE eccsuvcerasesntsnsarssvenes Ne 
FEE -cennnasvswnneinnccnsiens Ni 
Niton (radium emanation) Nt 
POE eenince ssnacnseseances N 

Osmium .. Os 


0 
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Phosphorus ................4 P 
ee | 
Potassium........ PESTAR Sos =o K 
Praseodymium............... Pr 
oi inaabocnpeie Ra 
Rhodium ............ 2.0.24. Rh 
ae Rb 
Ruthenium ...... ........... Ru 
RCs -kcandavadocn Sa 
Scandium..,.............0 . Se 
TAPS ee Se 
ME sasiunacsencscvneeareien Si 
Silver . Ag 
Nee eer Na 
Strontium .................. Sr 
EIT sanudssinshednsisionoos 8 
Tantalum .. Ta 
TORIBTIGMR ... .000cccecccescsece Te 
MIR, iteccctsnsmsessccneren Tb 
IIE vnicnnsiasinasn aeons Tl 
, EOE a Th 
Thulium .. .. Tm 
ME. sabaecawerasicnadseunsate Sn 
J ae Ti 
EE scuvvn sonesensnecnnes W 
MIE inacnnsisns snc maesnens U 
TE kia cos niccstanesa V 
MI: Widicbecinaxteteasavces Xe 
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CXLIV.—The Action of Bromine on the Alkali Iodides. 
By Witii1am Norman Rae. 


In a paper by Jackson and Derby on ferrous iodide (A mer. Chem. 
J., 1900, 24, 15), mention is made of the action of bromine vapour 
on solid ammonium iodide ; these authors state that the ammonium 
iodide first turned black, but as the absorption went on it finally 
became converted into the scarlet ammonium bromo-iodo-bromide, 
NH,BrIBr. A curve constructed from the increase in weight of 
the ammonium iodide and the time of exposure to bromine showed 
that there was a marked diminution in the speed of absorption 
after the first atom of bromine had been added, and they were 
unable to decide whether the black intermediate product was 
another compound, NH,BrI, or only a mixture of ammonium 
bromide and free iodine. The present investigation was under- 
taken in order to settle this point, and also to determine whether 
the action of bromine on other solid iodides follows a similar 
course. 

Ammonium bromo-iodo-bromide, NH,BrIBr, was prepared by 
dissolving the calculated quantities of ammonium bromide, iodine, 
and bromine in a small quantity of water; the solution was a 
deep ruby-red colour, and when left in a desiccator over phosphoric 
oxide slowly deposited crystals of the salt. 

A similar result was obtained starting with ammonium iodide 
and bromine. 

A specimen was analysed by adding a weighed quantity to a 
potassium iodide solution, making up to a fixed volume, and 
titrating with standard sodium arsenite solution; the results are 
expressed by comparing the equivalent weight found in this way 
with that calculated from the formula. The crystals gave 
E=1567 (cale. H=152°4). Too high a value for Z denotes loss 
of halogen; the specimen analysed had been kept for some weeks 
in a desiccator, and showed slight decomposition. 

The crystals obtained in the above manner were of a fine, ruby- 
red colour, but when examined by reflected light showed a distinct 
green lustre. The crystals consisted of aggregates, often 3 cm. 
long and 1 cm. broad, and made up of long prisms arranged 
parallel to one another. 

If the compound is sealed up in a glass tube it is perfectly stable, 
but when exposed to dry air it loses iodine bromide, and if this 
is absorbed by potassium hydroxide, the loss continues until only 
white ammonium bromide is left. 


~~ see, 


Aas Mc ih 
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The compound, like all the polyhaloids, is extremely deliquescent, 
and very readily soluble in water. If an aqueous solution is 
treated with successive equal volumes of ether, almost all the colour 
is removed after the second treatment: 


Action of Bromine Vapour on Dry Ammonium Iodide. 


Ammonium iodide crystals were first dried, and then were finely 
powdered; about 5 grams were placed in a weighed weighing 
bottle, 4 cm. in diameter and 2 cm. high; this was then dried for 
two days in a desiccator containing phosphoric oxide, and weighed. 
A beaker of dry bromine was then placed in the desiccator, and 
the weighing bottle was weighed at first every ten minutes, and 
later at longer intervals; previous to each weighing, it was placed 
in a desiccator containing potassium hydroxide, to remove bromine 
adhering to the glass. At the commencement of the reaction, 
which appears to take place more slowly the drier the materials, 
the dark colour of iodine at first appears on the top of the solid. 
The first action, therefore, consists in the replacement of iodine by 
bromine. That the black solid is iodine is shown by the colour of 
the vapour and by the fact that iodine is removed by shaking with 
chloroform, leaving a mixture of white iodide and bromide. 

As the reaction proceeds, the black colour works its way down 
through the mass, and the top becomes covered with a red powder, 
into which, eventually, the whole of the solid is converted. The 
red solid must be either a compound, ammonium bromo-iodo- 
bromide, NH,BrIBr, or else a mixture of ammonium bromide and 
iodine bromide; that the former is actually the case is shown by 
the colour: iodine bromide is almost black with a brown vapour, 
whilst this solid has a very low vapour pressure. Furthermore, 
the absorption of bromine ceases when the composition reaches 
NH,BrIBr, whilst if iodine monobromide is exposed to bromine, it 
continues to take up bromine, forming a liquid, which may consist 
of higher bromides of iodine or a solution of iodine bromide in 
bromine (Fig. 1). It appears, therefore, that there is no poly- 
haloid stable at the ordinary temperature having the composition 
XIBr, corresponding with the well-known series of compounds 
XICl, [all the polyhaloids seem to be additive compounds of 
haloids with one or two molecules either of a single halogen or of 
a compound of two halogens, and the existence of iodine tribromide 
corresponding with iodine trichloride seems doubtful (Roscoe and 
Schorlemmer)]. The red powder was analysed in the same way as 
the crystals, and gave H=151°5 (cale. H=152°4). 

Jackson and Derby state that they found a marked diminution 
in speed of the reaction after the absorption of the first atom of 
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bromine, but this result was not observed (Fig. 2); in fact, from 
the observed colours during the absorption, it was obvious that in 
the lower layers iodine was being set free, whilst at the same 
time in the upper ones the iodo-bromide was being formed, so that 
a definite break in the absorption curve was hardly to be expected 
unless the material was in a very thin layer. 

A large number of experiments have been made on the rates at 
which polyhaloids in the solid state are formed and decomposed, 
but definite and conclusive breaks in the weight-time curves are 
only obtained when two polyhaloids of the same elements exist in 
which the polyhaloid halogen has very different vapour pressures 


A. Gram-atoms of bromine absorbed by one gram-atom of iodine. 
B. Gram-atoms of bromine lost by exposing the resulting liquid in a vessel con- 
taining potassium hydroxide. 
ee ee ee ee — oe 
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bromine by iodine, and mine by ammonium 
(B) loss of bromine by iodide. 
the resulting liquid. * 


in the two compounds. Examples of this kind are shown in the 
curves showing the rate of loss of iodine by cesium pentaiodide 
and the loss of chlorine and iodine chloride by cesium iodochloride, 
CsICl, (Figs. 3 and 4). 

In the first case, the compound was prepared by Wells and 
Wheeler’s method: the crystals were powdered, placed in a desic- 
cator over potassium hydroxide, and weighed at intervals of a few 
days. The pentaiodide lost iodine at the rate of 0°31 gram (1 atom 
of iodine) in twenty-eight days, until the composition was that of 
the tri-iodide, and then continued to lose iodine at the rate of 
0°01 gram in forty-five days, that is, fifty times as slowly; the 
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temperature was then raised from the room temperature (28°) to 
63° by placing an electric lamp in the desiccator and jacketing 
the latter with cotton wool; the remaining 2 atoms of iodine were 


lost in thirty-seven days at the higher temperature. 

Cesium iodochloride, CsICl,, was prepared by a method which 
can be used to prepare the corresponding compounds of any of the 
alkali metals, namely, by passing a large excess of chlorine into 
a concentrated solution of the iodide of the metal and evaporating 
in a desiccator containing phosphoric oxide and filled with chlorine. 
The golden-yellow, needle-shaped crystals were dried and powdered, 
and the rate of loss was determined as in the previous case. The 
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curve shows a very well-marked break at the composition CsICl,, 
and a sample analysed at this point had the composition 99°3 per 
cent. CsICl,, The loss of weight of the compound CsICl, was 
almost negligible at 28°, and the experiment was completed at 
118°, cesium chloride being left. The reactions here are there- 
fore: 

CsICl, = CsICl, + Cl, ; 

CsICl, = CsCl + ICI, 
the former proceeding much more rapidly than the latter. 

The curve (Fig. 1) showing the absorption of bromine by iodine 

show no breaks, although the compound IBr is well known, whereas 
the loss curve gives a definite break at the composition IBr. 
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The curve (Fig. 2) shows no break at the composition NH,IBr, 
but the absorption of bromine ceases at NH,IBry. 


Action of Bromine on Sodium Iodide. 


No definite results were obtained. Bromine was absorbed, with 
increase in weight and formation of a liquid, but no polyhaloid 
was obtained when this was left over potassium hydroxide; the 
solid residue consisted only of crystals of sodium bromide and a 
small amount of iodine bromide. 


Action on Potassium Iodide. 


The dry, powdered. solid was exposed to bromine in the same 
way as the ammonium iodide. The changes in this and the two 
following cases followed exactly the same course as in the case of 
the ammonium iodide; at first iodine was set free, and then the 
red bromo-iodo-bromide was formed. The weight became constant 
in two days, and remained so for six days, whereupon the bright 
red solid was analysed. (Found, #=162°8. Cale., #H=162°9.) 
The solid when heated lost iodine bromide, and left potassium 


bromide. 
Action on Rubidium Todide. 


2°240 Grams of rubidium iodide absorbed 1°620 grams of bromine 
before the weight became constant (96 per cent. of the theoretical) ; 
the powder was again bright red, but of a slightly deeper shade 
than the potassium salt. On exposure to heat, 1°740 grams of 
rubidium bromide were left (calc., 1°745 grams). 


Action on Caesium Iodide. 


1°168 Grams of cesium iodide formed 1°892 grams of cesium 
bromo-iodo-bromide, a red powder a little darker than the rubidium 
compound (cale. weight for CsIBr.=1°894 grams); this, on heat- 
ing, left 0°942 gram of cesium bromide (theory requires 0°956 
gram ; the defect may be due to the fact that the compound being 
the most stable of the series, stronger heating had to be resorted 
to in order to drive off the halogens, with the possible vaporisation 
of some of the cesium bromide). Crystals of the compound were 
obtained by dissolving the powder in water and evaporating over 
phosphoric oxide; the crystals were darker in colour than the 
powder, and of the same prismatic form as those of the ammonium 


compound. 


acento 
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The Structure of the Polyhaloids. 


When a polyhaloid containing two or more different halogens 
is decomposed, either by heating or slowly at the room tempera- 
ture, the solid residue always contains the halogen of lowest atomic 
weight, so that it would appear that this halogen atom and the 
metal are united by their principal valencies. In solution, the 
extra halogen atoms are connected to the halogen constituent of 
the binary salt, so that presumably they are united to this in the 
solid by its secondary valencies. 

The structure may therefore be represented by such structural 
formule as 


I 
Ol yo 
Cs-Cl ‘<2 Cl and CsCl’ _ , ete. 
“Ol tt 


In conclusion, I wish to thank Prof. A. F. Joseph, Ceylon 
Medical College, for carrying out the analyses recorded above. 


CEYLON MEDICAL COLLEGE. [Received, June 11th, 1915.] 


CXLV.—Non-aromatic Diazonium Salts. Part IV. 
Thiazole-2-diazonium Salts. 


By Gitspert T. Morcan and GENEVIEVE VIOLET Morrow. 


THE aminothiazoles are among the heterocyclic bases which have 
manifested a certain degree of diazotisability, although stable salts 
of these bases have not hitherto been isolated. The difficulty ex- 
perienced in preparing normal diazonium compounds of the 
thiazole series is due, in part, to the method of diazotisation 
adopted, namely, treatment with alkali or alkyl nitrites in the 
presence of hydrochloric or hydrobromic acids. The use of these 
halogen acids leads to the formation of unstable diazonium haloids, 
which speedily decompose, with elimination of diazo-nitrogen and 
substitution of halogen in the thiazole ring. In feebly acid solu- 
tions, aqueous sodium nitrite furnishes thiazole-2-diazohydroxide, 
an unstable, orange-red, insoluble powder, transformed by concen- 
trated hydrochloric acid into 2-chlorothiazole (Hantzsch, Annalen, 
1888, 249, 1; Traumann, ibid., 1888, 249, 35; Schatzmann, ibid., 
1891, 261, 9; compare Nef, ibid., 1891, 265, 110). 

Diazotisation of ethyl 5-amino-2-methylthiazole-3-carboxylate 
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(Wohlmann, Annalen, 1890, 259, 279) also gives rise to an in- 
soluble diazohydroxide, converted by hydrochloric acid into ethyl 
5-chloro-2-methylthiazole-3-carboxylate. 

The similarly constituted aminothiazinones, containing a hetero- 
cyclic ring with one sulphur and two nitrogen atoms, are also 
diazotisable, but their diazo-derivatives are anomalous, inasmuch 
as the diazo-group is not removed by alcohol (Harries and Klamt, 
Ber., 1900, 33, 1158). This substitution of hydrogen for the 
diazonium complex by the reducing action of alcohol occurs quite 
readily in the thiazole series (Hantzsch and Popp, Annalen, 1889, 
250, 274). 

The following experiments confirm the earlier researches in 
regard to diazotisation in the presence of hydrochloric acid. The 
soluble product is unstable, the solution becoming successively 
yellow and brown. The amorphous precipitate, which then 
separates, contains in all probability the insoluble diazohydroxide 
already examined (Schatzmann, Joc. cit.; Nef, loc. cit.). 

In the presence of oxy-acids, dinsotiention proceeds more 
smoothly, especially in the case of sulphuric acid. The colourless 
diazo-solution, when treated with sodium aurichloride, yields the 
sparingly soluble, yellow, crystalline thiazole-2-diazonium auri- 
chloride (formula I). 


Oo 
SN 
cH, it 
CH-S CH-S : 
E >o-N , jauch SCNINC 6 
a 4 
CH-N CH-N7 . Y, 


CH, 
(L.) (II.) 

Although stable at the ordinary temperature when dry, this salt 
is readily hydrolysed by cold water, giving rise to an orange-brown 
substance, which consists partly of the insoluble thiazole-2-diazo- 
hydroxide. 

Diazotisation in perchloric acid leads to the formation of a 
diazonium perchlorate without by-products. This salt is, however, 
extremely explosive, even in ice-cold solution, in this respect 
resembling benzenediazonium perchlorate (Ber., 1906, 39, 2715, 
3146). Diazotisation takes place equally readily with sulphuric 
acid, but with nitric acid the reaction proceeds less smoothly 
(Nef, loc. cit.), owing to the sparing solubility of 2-aminothiazole 
nitrate. 

These thiazole-2-diazonium oxy-salts couple readily and quanti- 
tatively with phenols and the more reactive aromatic amines, such 
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as B-naphthylamine, giving rise to intensely coloured derivatives, 
which, however, are not very crystallisable. Coupling also occurs 
between the thiazole-2-diazonium salts and the A-diketones, such as 
acetylacetones, with the production of yellow thiazole-2-azo-f- 
diketones (formula II) (compare Morgan and Reilly, T., 1913, 
108, 1498). 

Hantzsch (loc. cit.) has already directed attention to the great 
similarity subsisting between the thiazole and pyridine bases. 
This similarity is distinctly manifested in the behaviour of the 
amino-derivatives of the thiazole and pyridine series towards diazo- 
tising agents. In presence of hydrochloric acid, there is the same 
tendency for the replacement of the diazo-complex by chlorine. 
2-Aminopyridine yields 2-chloropyridine (H. Meyer, Monatsh., 
1894, 15, 173), and 4-amino-2: 6-dimethylpyridine gives rise to 
4-chloro-2: 6-dimethylpyridine (Marckwald, Ber., 1894, 27, 1325). 

Although pyridinediazonium salts have not been isolated, the 
foregoing reactions point to transient diazotisation, and accord- 
ingly it can scarcely be doubted that a suitable modification of 
experimental conditions would lead to the separation of stable 
diazonium compounds. 

The case of the aminoquinolines is quite analogous. It is some- 
times stated that 4-aminoquinoline is not diazotisable, but this 
interpretation of the result obtained by Claus and Howitz is not 
justifiable, for these investigators showed that, in the presence of 
hydrochloric acid, nitrous acid induces the replacement of the 
amino-group by chlorine, a substitution which points to the transi- 
tory existence of quinoline-4-diazonium chloride (J. pr. Chem., 
1894, [ii], 50, 23). This explanation is supported by the fact that 
3-aminoquinoline is readily diazotisable (Mills and Watson, T., 
1910, 97, 743). 


ExPERIMENTAL.* 


2-Aminothiazole was prepared by the method described by Trau- 
mann (loc. cit.). Thiocarbamide (5 grams) and chloroacetaldehyde 
alcoholate (10 grams) were suspended in 50 c.c. of water, and 
boiled in a reflux apparatus until the oily layer was no longer 
turbid. The mixture, rendered strongly alkaline with sodium 
hydroxide, was extracted with ether, and 2-aminothiazole isolated 
by the spontaneous evaporation of the ethereal extract. 

Diazotisation in Hydrochloric Acid.—2-Aminothiazole dissolved 
readily in cold dilute hydrochloric acid, but addition of sodium 
nitrite led to the formation of an unstable diazonium chloride ; the 


* The authors are indebted to Mr. W. F. Woodworth, A.R.C.Sc.1., for 
assistance in the following experiments. 
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solution became yellow, then brown, and deposited tarry, amor- 
phous products. When treated with ethyl nitrite in alcoholic 
solution, 2-aminothiazole hydrochloride showed little tendency to 
diazotise. Addition of gold chloride to the diazonium chloride 
solution gave a crystalline, orange precipitate of diazonium auri- 
chloride. This was collected, but on washing with cold water to 
remove sodium salts, the aurichloride turned brown, and lost its 
crystalline character. In view of this readiness to decompose 
hydrolytically, it seemed desirable to prepare the aurichloride in 
the absence of non-volatile inorganic salts. 

Diazotisation in the Presence of Oxy-acids.—2-Aminothiazole 
formed a sparingly soluble nitrate, which did not diazotise at all 
readily when treated in aqueous suspension with sodium nitrite or 
ethyl nitrite. Only the dissolved portion of the salt underwent 
diazotisation, as shown by the reaction with alcoholic B-naphthol ; 
the white, insoluble, crystalline portion resisted the attack of these 
diazotising agents for a considerable time. Meanwhile, the 
diazonium nitrate already formed underwent decomposition, as was 
manifested by a darkening of the solution, first to yellow and then 
to brown. On concentrating the orange solution of thiazole-2- 
diazonium nitrate at the ordinary temperature, merely a viscous 
residue was obtained, and the addition of sodium azide to the solu- 
tion of diazonium nitrate gave rise only to tarry products. 

Gold chloride, when added to the orange-brown solution, led to 
the deposition of a heavy, reddish-brown precipitate, which was 
collected and dried, when a nitrogen estimation showed that a con- 
siderable loss of diazo-nitrogen had occurred. 

Aminothiazole (0°5 gram) added to 6°6 c.c. of 20 per cent. per- 
chloric acid (D1‘14) gave a colourless, crystalline perchlorate, 
which dissolved readily on adding a few c.c. of cold water. The 
solution, cooled to 0°, was treated with ethyl nitrite, and speedily 
gave the azo-reaction with alcoholic B-naphthol. When the solu- 
tion was stirred, a sharp explosion occurred, and this crackling 
detonation was repeated at short intervals, even when the solution 
was allowed to remain unstirred in contact with fragments of ice. 
On this account, and also because of its great solubility, no further 
attempt was made to isolate the diazonium perchlorate. The solu- 
tion, apart from its explosive character, showed very little tendency 
to yield secondary by-products; it remained almost colourless, and 
when gold chloride was- cautiously added, an orange-coloured pre- 
cipitate was obtained, which was collected, washed with a little 
ice-water, and dried on porous tile in a desiccator over potassium 
hydroxide. The partly dried aurichloride was still somewhat ex- 
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plosive, owing either to co-precipitated diazonium perchlorate or 
to adherent perchloric acid. 


Thiazole-2-diazonium Aurichloride. (Formula 1.) 


It was ultimately found that aminothiazole could be readily dis- 
solved and diazotised in 20 per cent. sulphuric acid; 0°35 gram of 
base was dissolved in a solution of 0°6 c.c. of concentrated sulphuric 
acid diluted with water to 3°3 c.c., and the solution, cooled with 
ice, was treated with 3°5 c.c. of N-sodium nitrite. Diazotisation 
was rapid ; the solution remained colourless, and no tarry products 
were set free. The addition of a concentrated solution of sodium 
aurichloride determined the formation of a heavy, crystalline, 
yellow precipitate. As the diazonium aurichloride was decomposed 
by water and soluble in alcohol, it was washed four times with 
dilute hydrochloric acid, and dried on porous tile over potassium 
hydroxide : 

0°0621 gave 0°0271 Au. Au=43°64. 

0°1805 ,, 14°3 N, (moist) at 14°5° and 7795 mm. N=9°46. 

071398 ,, 01800 AgCl. Cl=31°85. 

0°3245 ,, 01614 BaSO, S=6°83. 

C,H,N,Cl,SAu requires Au=43°68; N=9°31; Cl=31°48; S=7°09 
per cent. 

When quite dry, thiazole-2-diazonium chloride was stable at the 
ordinary temperature. It melted and decomposed at 122°. 

Thiazoleazo-B-naphthol.—Solutions of thiazolediazonium salts 
when added to 8-naphthol dissolved in ethyl alcohol gave a dull, 
orange coloration, and after a short time a terra-cotta precipitate, 
which was readily soluble in alcohol, ether, chloroform, glacial 
acetic acid, ethyl acetate, or benzene. The product was not easily 
crystallisable, but was finally obtained in well-defined, dark, 
brownish-red plates by the slow evaporation of its benzene solution. 
When treated with cold dilute aqueous sodium hydroxide, the 
substance partly dissolved, leaving a residue of coppery-red flakes 
(m. p. 105°); the solution when acidified gave a pale red substance 
(m. p. 126°). Both fractions gave the same intense lilac coloration 
with cold concentrated sulphuric acid. 

Thiazole-2-azo-B-naphthylamine, prepared by coupling the 
thiazolediazonium salts with alcoholic 6-naphthylamine, is a some- 
what uncrystallisable, dark, bluish-red substance (m. p. 135—140°), 
readily soluble in the ordinary organic media, giving with concen- 
trated sulphuric acid an orange coloration, which assumes an 
intense magenta colour on dilution. 
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Thiazole-2-azoacetylacetone. (Formula II.) 


The aqueous solution of thiazolediazonium nitrate was added to 
acetylacetone, and then neutralised with ammonium carbonate, 
when the compound separated in dull, golden-yellow plates, readily 
soluble in alcohol or ether, and melting at 120°: 

0°0440 gave 7°5 c.c. N, (dry) at 16° and 760 mm. N=20°01. 

C,H,O,N,8 requires N=19°90 per cent. 

The substance was practically insoluble in water, and was partly 

decomposed on prolonged boiling with organic solvents. 


The authors desire to express their thanks to the Research Grant 
Committee of the Royal Society for a grant which has partly 
defrayed the expenses of this investigation. 
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CXLVI.—The Absorption Spectra of Certain Aromatic 
Nitroamines and Nitroamides. Part I. 


By Gitspert T. Morcan, Henry WessTER Moss, and 
JAMES WALKER PoRTER. 


Tue observations recorded in the present paper are a continuation 
of the spectroscopic examination of aromatic nitroamines and their 
acyl derivatives, commenced about four years ago, and partly 
described in two earlier communications (T., 1911, 99, 1945; 1912, 
101, 1210). 

In many recent discussions on colour and chemical constitution, 
and on the relation between physical properties and molecular 
structure, the results of spectroscopic observations have figured 
very prominently, and it appeared likely that a detailed examina- 
tion of one comprehensive group of organic substances would 
afford evidence as to how far the study of absorption spectra 
afforded unequivocal evidence bearing on the foregoing implied 
relationships. The aromatic nitroamines were selected, for the 
following reasons: (1) these bases are all coloured substances 
having colours ranging through various shades of yellow, orange, 
and red; (2) they are readily purified, owing to their crystallisable 
character ; (3) they can, with very few exceptions, be examined in 
the same general diactinic solvent, alcohol; (4) the orientation of 
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their substituents is in the great majority of cases known with 
certainty; (5) in many instances, fairly complete series of isomeric 
or otherwise closely allied nitro-bases can be readily prepared ; 
(6) the degree of saturation of the dominant element, the aminic 
nitrogen atom, can be modified in three different ways: (i) acyla- 
tion with inorganic or organic acyl groups; (ii) substitution of 
aminic hydrogen by alkyl, aryl, mixed aryl-alkyl, or cyclic hydro- 
aromatic groups; (iii) accumulation in the aromatic nucleus of 
electronegative substituents, as, for example, nitro- or hydroxy- 
groups. 


Absorption Spectra of the Three Simplest Aromatic Nitroamines, 


The substitution of an aminic group for hydrogen in the benzene 
nucleus alters fundamentally the absorption spectrum of this 
hydrocarbon, the seven small bands of benzene disappear, becoming 
replaced by one broad, persistent band (1/4 3500) in the ultra- 
violet. The further substitution of a nitro-group in the aromatic 
ring is not accompanied by any such radical change in the selective 
absorption of aniline. The broad band merely shifts into the 
visible region of the spectrum, and persists at greater dilutions. 
Difference in orientation of the nitro-groups is not accompanied 
by any marked change in the character and position of the absorp- 
tion band. In ortho-, meta-, and para-nitroanilines, the heads of 
the bands are respectively at 1/A 2500, 1/A 2700, and 1/A 2600 
approximately (Morgan, Jobling, and Barnett, T., 1912, 101, 1213; 
Baly, Edwards, and Stewart, T., 1906, 89, 515). The only difference 
observable between the selective absorption of these three isomeric 
nitroanilines is that the absorption bands of the ortho- and para- 
isomerides are more persistent than the band observed in the case 
of m-nitroaniline. The absorption curve, which is similar in type 
in all three cases, may be regarded as the normal curve for an 
aromatic nitroamine. This single broad band, which is also ex- 
hibited by all alkyl derivatives of the nitroanilines hitherto 
examined spectroscopically, shows in these cases the shifting 
towards the red, which is often the only change induced by methyl- 
ation (Baly, Tuck and Marsden, T., 1910, 97, 582). 

Further substitution in the aromatic nucleus gives rise, how- 
ever, in certain instances, to selective absorption very different 
from the normal type. ° 

Experimental Conditions.—The procedure adopted has been that 
employed by the great majority of investigators in the United 
Kingdom and in Germany when studying the ultra-violet’ absorp- 
tion spectra of organic substances. We recognise, however, that in 
certain regions of the spectrum more quantitative results are 
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obtainable by using the refinements introduced by Merton (T., 
1913, 108, 124). 

The compounds were dissolved in absolute alcohol to M/5000- 
solutions, and examined in thicknesses of 1°6, 2°5, 4°0, 6°3, 10°0, 
20°0, 31°6, 50°1, and 100 mm. with a one-prism Hilger spectro- 
meter. 

The source of light employed was the molybdenum spark 
(Leonard, Proc. Roy. Dubl. Soc., 1908, 11, No. 24, 272). The 
molybdenum spark spectrum is more uniform throughout its 
length than that given by the iron arc, and more accurate deter- 
minations of the limits of absorption are consequently obtainable. 

The pieces of molybdenum used as electrodes were imbedded 
deeply in lead, in order to prevent undue heating, and conse- 
quently oxidation, of the points. All the spectra showed strongly 
the nitrogen lines \5679°8 and 5005-7, and these serve as useful 
standards when measuring the plates. 


The Nitrotoluidines. 


The simplest chemical change in substitution which can be 
effected on the three nitroanilines is the introduction into the 
aromatic nucleus of the chemically inert methyl group. This sub- 
stitution leads to ten nitrotoluidines. Of these isomeric nitro- 
aminotoluenes, we have examined the following four, derivable 
from o-toluidine: 


Base. Colour. M. p. 
I. 3-Nitro-2-aminotoluene Orange-yellow prisms 97° 
II. 4-Nitro-2-aminotoluene Orange-yellow prisms 109 
III. 5-Nitro-2-aminotoluene Lemon-yellow needles 128 
IV. 6-Nitro-2-aminotoluene Golden-yellow leaflets 91-5 
CH, CH, CH, CH, 
‘é \wa, 7 \NH, / ‘NH No,’ \NH, 
NO | | NO.! 
iii et 4 
NO, 
(I.) (II.) (III.) (IV.) 


For the specimen of 6-nitro-2-aminotoluene we are indebted to 
Professor Green. We have also studied two of the four nitro- 
derivatives of m-toluidine and the two isomerides derivable from 
- p-toluidine. 
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Base. Colour. M. p. 
V. 4-Nitro-3-aminotoluene Golden-yellow leaflets 112° 
VI. 2-Nitro-5-aminotoluene Saffron-yellow needles 138 
VII. 2-Nitro-4-aminotoluene Yellow, monoclinic needles 77-5 
VIII. 3-Nitro-4-aminotoluene Orange-red prisms 117 
CH, CH, CH, CH, 
va ™ ma 0 O 
NH ‘| )NH NO 
a ites Vw be? 2 _— 
NO, NH NH, 
(V.) (VI.) (VII.) (VIII.) 


The absorption curves of the eight isomerides are shown on 
Fig. 1. Only three of the eight isomerides examined (Nos. III, 
VI, and VIII) show the persistent band (1/A 2300—2750) repre- 
senting the normal type of selective absorption for nitroamines. 
Four of the remaining isomerides (Nos. I, II, IV, VII) exhibit 
flattened curves, indicating more transitory bands, two (Nos. I 
and II) with points of inflexion towards the blue end 
indicating very rapid changes in the general absorption. The 
remaining isomeride (No. V, lower dot and three-dash curve) is 
distinguished by the possession of two well-defined bands, the more 
persistent at 1/2500 and the less persistent towards the blue at 
1/ 3600. 

These results show that in this series of isomeric nitroamines one 
finds three types of selective absorption: (1) the single persistent 
absorption band; (2) the transient absorption band; (3) two 
absorption bands. 

As regards the last type, it may be mentioned that it has already 
been noticed in the cases of picramide and 3: 5-dinitro-6-amino-o- 
xylene (T., 1912, 101, 1213, 1215). 

The introduction of the methyl group produces least effect in the 
case of pnitroaniline; 5-nitro-2-aminotoluene (No. III) and 
2-nitro-5-aminotoluene (No. VI) show closely superposable absorp- 
tion curves (Fig. 1) comparable with the curve for p-nitroaniline 
(Baly, Tuck and Marsden, Joc. cit.). , 

The introduction of methyl into o-nitroaniline presents four 
possibilities, of which three were examined. Adjacent to the 
amino-group, as in 3-nitro-2-aminotoluene, the methyl group 
renders the band much less persistent, and shifts it towards the 
violet (1/2750). When the methyl is in the meta-position to 
the amino-group and para- with regard to the nitro-group, the 
absorption shows two absorption bands (4-nitro-3-aminotoluene, 
No. V). When the methyl is para- with regard to the amino- 
group and meta- in respect to the nitro-group, the selective absorp- 
tion is of the normal type, with one persistent band shifted towards 
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the red (No. VIII, 1/4 2300 approx.). This band is more towards 
the red than any other of this series, a fact corresponding with 
the orange-red colour of the crystalline base. 


Fia. 1. 
I. Full curve ———_2-Nitro-4-aminotoluene. 
II. Dotted +s +++ 3-Niétro-4-aminotoluene. 
III. Dash and dot —+—-+ 3-Nitro-6-aminotoluene. 
IV. Dash and two dots —--—-- 2-Nitro-5-aminotoluene. 
Oscillation frequencies. 
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Oscillation frequencies. 


TI. Full curve ——  3-Nitro-2-aminotoluene. 
Il. Dotted «+e e8-s 2- Nitro-5-aminotoluene. 
III. Dash and dot —+— + 4-Nitro-2-aminotoluene. 
IV. Dash and two dots ——++—— + 2-Nitro-6-aminotoluene. 
V. Dash and three dots —-+--—-- 4-Nitro-3-aminotoluene. 


The introduction of methyl into m-nitroaniline presents four 
possibilities, of which three were examined. In each case the band 
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(1/A 2800 approx.) was rendered considerably less persistent. 
2-Nitro-4-aminotoluene (No: VIII) showed a broad, transitory 
band; 4-nitro-2-aminotoluene (No. II) and 6-nitro-2-aminotoluene 
(No. IV) exhibit narrowed transitory bands, the absorption curve 
of the former also showing a well-marked point of inflexion towards 
the violet. 

The want of regularity in the result obtained by substitution 
of a methyl group into the aromatic nucleus of the three nitro- 
anilines probably arises from the circumstance that in these 
isomeric amines many factors are operating simultaneously, but in 
varying degrees, owing to differences of orientation. Among these 
factors are the chemical affinity and spatial configuration of the 
benzene ring, and of its three substituents, the methyl, nitro-, and 
amino-groups. 

These factors have a conjoint effect on the molecular structure 
of the resulting nitrotoluidines, and the differences manifested by 
the spectroscope are not such as can be indicated by modifications 
in the conventional graphic formule for these isomeric nitro- 
amines. 

The two isomerides having substituents in the consecutive posi- 
tions (1: 2: 3) exhibit shallow absorption bands, but so also do 
the two isomerides (Nos. II, VII) with substituents in positions 
1:2:4. It is evident that ideas of symmetry based on the con- 
ventional formulation for aromatic nitroamines do not offer any 
adequate explanation of the selective absorption exercised by these 
isomeric bases. 


Nitro-4-m-axylidines. 


The following isomeric nitro-derivatives of 4-amino-m-xylene 
were examined (Fig. 2, lower curves) : 


Base. Colour, M. p. 
I. 5-Nitro-4-amino-m-xylene Bright orange-red needles 69° 
Il. 6-Nitro-4-amino-m-xylene Orange-yellow needles 123° 
CH, CH, 
rm 7 \ 
NO “ 
CH CH 
7 3 wat 3 
NH, NH, 
(I.) (II.) 


The former showed two bands, a very persistent one towards 
the red (1/A 2350), and a narrow, very transitory band towards 
the violet (1/A 3500). The second base showed a broad band 
shifted more towards the blue (1/2700), and the second band 
present in the curve of the isomeric amine is, in this instance, 
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reduced to a step-out situated in the same region of the spectrum 
(1/A 3500 approx.). 
The less refrangible band of the former base (I), a homologue of 
Fra. 2. 
I. Full curve ~_——— 3: 5-Dinitro-4-p-anisidino-o-xylene. 
II. Dotted -+ + + + 3: 5-Dinitro-4-p-toluidino-o-xylene. 
III. Dash and dot —-+-— + 3: 5-Dinitro-4-0-anisidino-o-zxylene. 
IV. Dash and two dots —-::—-: 4: 6-Dinitro-3-p-toluidino-o-xylene. 
Oscillation frequencies. 
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Oscillation frequencies. 
I. Fullcurve ———- 5-Nitro-4-amino-m-zylene. 
II. Dotted +++ + + 6-Nitro-4-amino-m-zxylene. 


o-nitroaniline, corresponds with its red colour, the transitory band 
indicating the influence of its two methyl substituents. The 
second base (II), a homologue of m-nitroaniline, corresponds 
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closely with the latter as regards its absorption band, the influence 
of the two methyl groups being only faintly indicated in the step- 
out. 


Dinitroamino-o-xylenes and their N-Substituted Derivatives. 


We are greatly indebted to Professor Crossley for a complete 
series of well-crystallised nitroamines derived from the two 
trinitro-o-xylenes 


CH, CH, 

No,’ \CH, ‘4 ‘oH, 
NO, * No,. )NO 

eo ap Kip 
Xo, Xo, * 


by replacing their labile nitro-groups (asterisked) by amino- and 
various alkylamino- and arylamino-groups, ten derivatives being 
thus obtained from each of these isomeric trinitro-o-xylenes, which 
themselves exhibit very similar general absorptions (Baly, Tuck 
and Marsden, loc. cit., p. 576). 


Base. Colour. M. p 
I. 4: 6-Dinitro-3-amino-o-xylene Golden-yellow needles 161° 
Il. 4: 6-Dinitro-3-methylamino-o- 
xylene Orange needles 91 
Ill. 4: 6-Dinitro-3-ethylamino-o- 
xylene Brownish-orange needles 76 
IV. 4:6-Dinitro - 3 - dimethylamino- 
o-xylene Orange needles 92 
V. 4:6-Dinitro - 3 - benzylamino-o- 
xylene Orange prisms 59 
VI. 4:6-Dinitro - 3 - piperidino - o- 
xylene Orange plates 98 
VII. 4: 6-Dinitro-3-anilino-o-xylene Bright red plates 137 
VIII. 4:6-Dinitro-3-p - toluidino - o - 
xylene Orange-red plates 111 
1X. 4:6-Dinitro - 3 - 0 - anisidino - o - 
xylene Brick-red needles 127 
X. 4:6-Dinitro - 3 - p - anisidino - 0 - ; 
xylene Garnet-red needles 118 
CH, CH, 
No.“ cH, NO,’ CH, 
NHR N 
bo we 
No, No, 
(Nos. I, If, IfI, V, VII—xX.) (Nos. IV, VI.) 
Base. Colour. M. p. 
XI. 3: 5-Dinitro-4-amino-o-xylene Orange-red needles 143° 
XII. 3: 5-Dinitro-4-methylamino - o - 
xylene Scarlet plates 143 
XIII. 3: 5-Dinitro-4-ethylamino-o- 
xylene Orange needles 115 
XIV. 3:5-Dinitro - 4 - dimethylamino- 


o-xylene Orange-red needles 104 


| 
} 
} 
: 
' 
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Base. Colour. - Mp. 
XV. 3: 5-Dinitro - 4 - benzylamino - o - 
xylene Lustrous, orange plates 128-5° 
XVI. 3: 5-Dinitro - 4 - piperidino - o - 
xylene Orange-red needles 138 
XVII. 3: 5-Dinitro-4-anilino-o-xylene Orange-red needles 134 
XVIII. 3: 5-Dinitro-4-p-toluidino-o- 
xylene Orange needles 133 
XIX. 3: 5-Dinitro - 4 - 0 - anisidino - o - 
xylene Crimson needles 139 
XX. 3: 5-Dinitro - 4 - p - anisidino - o - 
xylene Bright crimsun needles. 131 
CH, CH; 
‘< Ne H, ( “oH, 
NO, NO; NOK NO, 
NHR NR, 


(Nos. XI—XIII, XV, XVII—XX.) (Nos. XIV, XVI.) 

Taking first the series derived from 3: 4: 6-trinitro-o-xylene, 
it will be seen that 4: 6-dinitro-3-amino-o-xylene is one of those 
amines showing an exceptional type of selective absorption with 
two bands (1/A 2850 and 3650 approx., Fig. 3, upper full curve; 
compare T., 1912, 101, 1215). 

The alkylation of this base leads to interesting variations in 
selective absorption. The monomethyl base (XII) shows an in- 
crease in the persistence of the less refrangible band, the more 
refrangible band being almost obliterated, its position being 
indicated merely by a point of inflexion on the curve (upper dotted 
curve, Fig. 3). The monoethyl base (XIII) shows a similar change, 
but the less refrangible band is less, and not more, persistent. 
These alkyl derivatives show the bands at greater dilution than is 
the case with the primary amines; in other respects the two curves 
are very similar. 

In the dimethyl base (Fig. 3, dot-and-dash curve), the less re- 
frangible band is shown in similar dilution to that of the primary 
amine, but it persists through greater variations of dilution. The 
more refrangible band entirely disappears. 

In the case of these three alkyl derivatives, there is a slight 
shift of the common band towards the red end (1/A=2750 
approx.). 

The benzylated base (XV) shows a very transitory absorption 
band (1/A 2750, Fig. 4, full curve) similar to those of the methyl 
and ethyl bases, its more refrangible band being reduced to a step- 
out (1/A 3500—3750). 

The phenyl and ptolyl bases (VII and VIII) show the less re- 
frangible band removed towards the red (1/A 2750), and a total 
disappearance of the more refrangible band (Fig. 4, upper dot-and- 
dash curves; Fig. 2, dot and two-dash curve). 


NE 
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The panisyl base (IX) shows a broader band of practically the 
same persistence as that of the phenyl base, but rather more 


ee 


Fia. 3. 

I. Full curve ——— _ 3: 5-Dinitro-6-amino-o-zylene. 
} II. Dotted +++ +¢ + 3: 5-Dinitro-6-methylamino-o-xylene. 
| Ill. Dash and dot —-—-: 3: 5-Dinitro-6-dimethylamino-o-xylene. 

IV. Dash and two dots —--—--+ 3 : 5-Dinitro-6-ethylamino-o-xylene. 
Oscillation frequencies. 
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Oscillation frequencies. 


I. Full curve a 3 : 5-Dinitro-4-amino-o-xylene. 
II. Dotted + + + + 3: 5-Dinitro-4-methylamino-o-xylene. 
Ilf. Dash and dot —-+—- 3: 5-Dinitro-4-dimethylamino-o-xylene. 
IV. Dash and two dots —--—-- 3: 5-Dinitro-4-ethylamino-o-xylene. 


towards the red (1/A 2650); there is a slight indication of a step- 
out (1/A3250—1/A 3500). 
The o-anisyl base shows very similar absorption to the two pre- 
VOL. CVII. 4 P 
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ceding bases, but, unlike the panisyl derivative, there is no in- 
dication of a step-out. 
The piperidyl base (Fig. 4) shows the ordinary type of nitro- 


I. Full curve 3 : 5-Dinitro-6-benzylamino-o-xylene. 
If. Dotted ++ +++ 3: 5-Dinitro-6-piperidino-o-xylene. 
III. Dash and dot —-+— +: 3: 5-Dinitro-6-anilino-o-xylene. 
IV. Dash and two dots —--—-- 3 : 5-Dinitro-6-p-anisidino-o-xylene. 
V. Dash and three dots —---—--- 3 : 5-Dinitro-6-0-anisidino-o-xylene. 
Oscillation frequencies. 
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I. Full curve 3 : 5-Dinitro-4-benzylamino-o-xylene. 
II. Dotted 3 : 5-Dinitro-4-piperidino-o-xylene. 


III. Dash and dot 


—+—-+ 3: 5-Dinitro-4-anilino-o-zxylene. 


amine absorption, one somewhat shallow band (1/4 2850), the curve 
for this base being almost superposable on that of the dimethyl 
base. This coincidence is all the more remarkable, as it disappears 


completely in the next series. 
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3: 5-Dinitro-4-amino-o-xylene (IX) exhibits quite the normal 
type of selective absorption (Fig. 3, lower full curve; compare 
T., 1912, 101, 1215), the head of its single band being at 1/4 2400. 

The methyl and ethyl bases (XII and XIII) give almost super- 
posable curves (Fig. 3, lower curves), with the bands shifted 
slightly towards the red. The benzyl base (XV) also gives a 
closely coincident curve, with, however, a somewhat less persistent 
band (Fig. 4, lower full curve). 

The dimethyl base (XIV) shows a marked diminution in the 
persistence of the band (Fig. 3, lower dot-and-dash curve). This 
flattening of the band is carried to extinction in the piperidino- 
base (No. XVI, lower dotted curve, Fig. 4), the absorption becom- 
ing general with very rapid change in the region 1/A 2250—3250. 

The phenyl, ptolyl, o-anisyl, and panisyl bases (Nos. XVII, 
XVIII, XTX, XX) all exhibit a broad, moderately persistent band 
(1/A 2300 approx.), the first three being shown at the same dilu- 
tion, whereas that of the p-anisyl compound is seen only in some- 
what stronger solutions. 


2: 4-Dinitroaniline and its N-Substituted Derivatives. 


The following bases of this series were examined : 


Base, Colour. M. p. 
I. 2: 4-Dinitroaniline Yellow, monoclinic prisms 185° 
II, 2: 4-Dinitromethylaniline Bright yellow needles 178 
III. 2: 4-Dinitrodimethylaniline Bright yellow prisms 181 
IV. 2: 4-Dinitrobenzylaniline Golden-yellow leaflets 126 
V. 2: 4-Dinitrophenylpiperidine Iridescent, golden-yellow 
needles 92 
VI. 2:4: 6-Trinitrophenylpiperidine Chocolate-brown needles 100 
NHR NR, 
( No, /\No 
| | | 
‘a \Z 
Xo, No, 
(Nos. I, II, and IV.) (Nos. III and V.) 


The primary base, 2: 4-dinitroaniline, exhibits the normal type 
of selective absorption for aromatic nitroamine, one broad, per- 
sistent band (1/A 2900; full curves, Figs. 5 and 6), and a slight 
indication of a step-out towards the blue end. The two photo- 
graphs, made on different specimens, gave superposable curves. 

2: 4-Dinitroaniline (I) resembles the ortho- and _para-nitro- 
anilines in its absorption, and differs from picramide (2: 4: 6- 
trinitroaniline), which exhibits two well-marked bands (T., 1912, 
101, 1215). i 

2: 4-Dinitromethylaniline (II) shows the same form of absorp- 

4p2 
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tion curve as the primary amine (Fig. 6, dotted curve), but in 
the tertiary base, 2: 4-dinitrodimethylaniline, the band is very 


Fia. 5. 
I. Full curve ——._ 2:: 4- Dinitroaniline. 
Il. Dotted - ++ + + 2: 4-Dinitrophenylpiperidine. 


IIT. Dot and dash - —-— 2:4: 6-Trinitrophenylpiperidine. 
Oscillation frequencies. 
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Oscillation frequencies. 


I. Full curve ——._ Nitro-p-phenylenediamine. 
II. Dotted - ++ + + 2-Nitro-4-acetyl-p-phenylenediamine. 
III. Dot and dash .—.— Nitrodiacetyl-p-phenylenediamine. 
IV. Dash and two dots —--—-- 4-Nitro-2 : 5-tolylenediamine. 


considerably less persistent (Fig. 6, dot-and-dash curve). On the 
other ‘hand, the other tertiary base, 2: 4-dinitrophenylpiperidine 
(VI), gives a band which is even more persistent than that of 
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2: 4-dinitroaniline itself, and shows no step-out in the blue (Fig. 5, 
upper dotted curve). 

For purposes of comparison, the ultra-violet absorption of 
2: 4: 6-trinitrophenylpiperidine (Fig. 5, upper dot-and-dash curvé) 
was photographed. This substance gave a curve approximating 
closely to that of 2: 4-dinitrophenylpiperidine. This curve agrees 
with that of the other N-substituted picramides studied by 
Hantzsch and Lister (Ber., 1910, 48, 1683, 1687) in showing only 
one well-marked absorption band, whereas picramide itself exhibits 
two (loc. cit.). 

2: 4-Dinitrobenzylaniline gives a persistent band closely co- 
incident with that of 2: 4-dinitromethylaniline (Fig. 6, lower dot 
and two-dash curve). 


Nitro-p-phenylenediamine and its Derivatives. 


The following series of nitrodiamines shows the effect of suc- 
cessive acetylation on selective absorption: 


Compound. Colour. M. p. 


Nitro-p-phenylenediamine Brown, glistening needles 138° 
4-Nitro-2 : 5-tolylenediamine Bright red needles 173 
2-Nitro-4-acetyl-p-phenylenediamine Bright orange-red needles 189 
Nitro-diacetyl-p-phenylenediamine Yellow needles 188 


Nitro-p-phenylenediamine and its immediate homologue, 4-nitro- 
2: 5-tolylenediamine, each show one very persistent broad band 
well towards the red end (1/A 2000). The former also shows 
slight indication of a step-out in the blue, this tendency and the 
persistence of the broad band being enhanced considerably in the 
case of the homologous base. The inflexions on these curves occur 
approximately at 1/3750 (Fig. 5, lower curves). 

The acetylation of one amino-group, as in 2-nitro-4-acetyl-p- 
phenylenediamine, decreases the width of the band, which is now 
seen only at greater concentrations; it produces also a shifting of 
the band towards the blue (1/2300). Complete acetylation 
causes an almost total disappearance of the band, as shown in the 
curve for nitrodiacetyl-p-phenylenediamine, which indicates also a 
further shifting towards the blue, the head of the very shallow 
band being at 1/A 2870. 

These absorptions illustrate a very general tendency; acylation 
of coloured bases leads to less coloured or colourless acyl deriv- 
atives showing little or no selective absorption in the ultra-violet 
region of the spectrum. 
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The Nitroaminophenols. 


The effect of introducing a hydroxyl group into the aromatic 
nucleus of the three nitroanilines was demonstrated by a study 
of the absorption spectra of the six following substances: 


Compound, Colour. M. p. 
5-Nitro-2-aminophenol Glistening, brown needles 199° 
4-Nitro-3-aminophenol Orange needles 185 
6-Nitro-3-aminophenol Dull orange needles 157 
3-Nitro-4-aminophenol Brownish-red powder 144 
2-Nitro-4-aminophenol Lustrous-red needles 128 
4 : 6-Dinitro-3-aminophenol Dull orange needles 230 


The chemically active hydroxyl group produces an effect on the 
selective absorption of nitroanilines quite different to that induced 
by the introduction of the inert methyl group. In no case is 
there any decrease in the persistence of the bands. The most per- 
sistent band is that due to 6-nitro-3-aminophenol (1/A 2600), and 
the least persistent band (1/A2250) arises from 2-nitro-4-amino- 
phenol. The least refrangible (1/A 2250) is exhibited by 3-nitro- 
6-aminophenol, and the most refrangible band (1/A 3100) is shown 
by 4-nitro-3-aminophenol; the latter substance gives a curve of 
characteristic shape (Fig. 6, upper curves). This form of curve is 
developed towards the red end in the tracing for 4: 6-dinitro-3- 
aminophenol, a substance having a similar orientation of sub- 
stituents, but with an additional nitro-group (Fig. 6, lower dash 
and three-dot curve). The effect of the second nitro-group is prob- 
ably indicated in the form of the less refrangible band (1/4 3100) 
and in the development of- a second more refrangible band 
(1/A 3650; Fig. 6, lower curve). The selective absorption of 
4: 6-dinitro-3-aminophenol may be compared with the absorption 
curves for picramic and isopicramic acids obtained under similar 
conditions as to solvent by Meldola and Hewitt (T., 1913, 1038 
878, 880). The former of these two dinitroaminophenols also 
exhibits two well-defined bands, both, however, shifted more 
towards the red. 

As compared with the analogous nitroanilines and _nitro- 
toluidines, the nitroaminophenols show in every case a shifting of 
the band towards the red (compare Figs. 1 and 6). On the other 
hand, there is no shifting produced by the introduction of a 
hydroxyl group into 2: 4-dinitroaniline, the band for this base 
occurring in the same region of the spectrum as the compound 
step-out and band of 4: 6-dinitro-3-aminophenol (Fig. 6, lower 
curves). 
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Stereoisomeric Nitrotolidines. 
Recently, Dr. Cain and Miss Micklethwait have prepared certain 
dinitrated benzidines and tolidines which exhibit a new type of 
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stereoisomerism, and we are very grateful to these investigators 
for the loan of the following dinitrotolidines (T., 1914, 105, 
1442): 


Base. Colour. M. p. 
o-Dinitrotolidine I. Ruby-red needles and prisms 270° 
o-Dinitrotolidine IT. Yellowish-red, prismatic needles 202-203 
m-Dinitrotolidine I. Orange-red powder 217 
m-Dinitrotolidine IT. Red pyramids 205-206 
m-Dinitrotolidine ITI. Brownish-red needles 263 
m-Dinitrotolidine IV. Bright yellow prisms 284 


The two o-dinitrotolidines exhibit a very close similarity in their 
absorption spectra; the two curves, although not completely super- 
posable throughout their lengths, run very close to one another. 
The less fusible isomeride shows a persistent band (1/A 2300), and 
a slight tendency to form a very shallow band (1/3700). The 
more fusible isomeride gives a less persistent, more refrangible 
band (1/A 2375), and the second band is reduced to a step-out. 

It has hitherto been found that a close coincidence of absorption 
curves among isomeric substances is an indication of stereo- 
isomerism (Dobbie and Tinkler, T., 1905, 87, 275). In the case 
of these two o-dinitrotolidines, the coincidence is sufficiently close 
to render very probable the explanation suggested by Cain and his 
collaborators—that these bases are stereoisomerides containing 
their substituents in similar positions in the phenyl nuclei, but 
differing in the spatial arrangement produced by the two ways of 
folding the two aromatic nuclei on one another.* 


cis-5 : 5’-Dinitrotolidine. 


* The folding together of the two nuclei in benzidine, tolidine and 
their derivatives is probably due to the concurrent operation of the two 
following factors :—(1) the mutual attraction of two unsaturated rings ; 
(2) the tendency of the molecule to assume its most symmetrical configuration. 

The resulting molecular structure acquires the highly developed sym- 
metry of a hexagonal prism as indicated by the spatial formule employed 
in which principal valencies and residual affinities are represented, in the 
conventional manner, by continuous and dotted lines respectively. 
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P The four bases of the meta-series are remarkable from the fact 
that they show little or no selective absorption within the region 
photographed (Fig. 7, lower curves). 
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The curves for m-dinitrotolidines I and III are superposable 
throughout the greater part of their length, this close coincidence 
4 p* 
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also suggesting stereoisomerism. Accordingly, these isomerides 
may, very probably, be represented by the formule: 


The curves of m-dinitrotolidines II and IV are less similar, and 
they show shallow bands at widely different regions of the spec- 
trum, the head of the band of No. II being at 1/A 2800, whereas 
that of the band of No. IV is at 1/A 3875 (Fig. 7, lower curves). 
These spectroscopic differences are generally associated with posi- 
tion isomerism, and the only way in which this form of isomerism 
can be introduced is by dissymmetric nitration. Cain and 
Micklethwait regard this as an extremely unlikely contingency. 
Nevertheless, their own experiments show that dissymmetric nitra- 
tion can occur in certain circumstances, resulting in the formation 
of small proportions of mono-nitrated products. 

It is, accordingly, by no means improbable that in dinitration 
a nitro-group may take up a position in one ring differing from 
the orientation of the nitro-group in the second ring; the yield 
of dissymmetric product may be small, but the presence of this 
material should not be overlooked, as it might give rise to the 
following pair of stereoisomerides : 


Either or both of these stereoisomerides might be responsible 
for one of the curves, and, similarly, either or both of the remain- 
ing stereoisomerides, 
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might give rise to the other curve. As the two pairs differ in 
position isomerism, the existence of different absorption bands 
might be expected. 

Summary. 


Influence of Substitution on Absorption. 


In this and the two preceding communications (loc. cit.), 
seventy-four aromatic nitroamino-compounds have been examined 
spectroscopically, the series comprising sixty nitroamines, eight 
nitroamides, and six nitroaminophenols. We found that the greater 
the number of examples studied, the more difficult became the 
task of establishing generalisations in regard to the influence of 
substitution and other intramolecular changes on the visible and 
ultra-violet absorption of the substances under examination. 
Generalisations which appeared to hold for a small number of 
nitroamines broke down when tested on a larger series of sub- 
stances belonging to the same chemical group. 

Influence of Alkylation—It has frequently been stated, as a 
general rule, that the replacement of hydrogen by methyl in an 
organic substance is not accompanied by any marked alteration 
in the character of the absorption spectra beyond a shifting of 
the absorption towards the red end of the spectrum. In com- 
paratively complex substances, consisting in part of fully hydro- 
genised rings, this rule holds (Hartley, T., 1881, 39, 165; 1885, 
47, 693; 1903, 83, 244. Compare Dobbie and Lauder, T., 1904, 
83, 612), but it is mot generally fulfilled among aromatic 
derivatives, 

Baly, Tuck and Marsden (loc. cit., p. 581) showed that the suc- 
cessive methylation of pnitroaniline and 3-nitro-p-toluidine followed 
this rule, and in our observations it is shown to be partly obeyed in 
the methylation of 2: 6-dinitro-ptoluidine (T., 1912, 101, 1211) 
and 4: 6-dinitro-3-amino-o-xylene (Fig. 3, upper curves). On the 
other hand, the rule breaks down completely in the successive 
methylation of 3: 5-dinitro-ptoluidine (T., 1912, loc. cit.), 3: 5- 
dinitro-4-amino-o-xylene (Fig. 3, lower curves), and 2: 4-dinitro- 
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aniline (Fig. 6, lower curves). These discrepancies refer to the 
substitution of methyl for aminic hydrogen. An inspection of the 
curves of Fig. 1 will show that no general relationship can be 
traced in regard to substitution of methyl in the aromatic nucleus. 

The same want of regularity is manifested in the benzylation of 
aromatic nitroamines; sometimes the absorption band is rendered 
more persistent, as in 2: 4-dinitroaniline (Joc. cit.), and sometimes 
the persistence is diminished, as in benzylating the two dinitro- 
amino-o-xylenes (Figs. 3 and 4). 

Influence of Ring-formation—The aminic nitrogen of the nitro- 
base can be made to become part of the fully-hydrogenised 
piperidine ring. When 2: 4-dinitroaniline is thus converted into 
2: 4-dinitrophenylpiperidine, the absorption band is rendered 
much more persistent, and shifted towards the red (Fig. 5). In 
the change from 4: 6-dinitro-3-amino-o-xylene to its piperidino- 
derivative, one finds the same alteration in absorption as that 
occurring in the dimethylation to 4: 6-dinitro-3-dimethylamino-o- 
xylene, the curves of the two tertiary bases being superposable. 

On the other hand, the curve for 3: 5-dinitro-4-piperidino-o- 
xylene has lost its band completely, being in this respect unique 
among the 4-amino-derivatives of 3: 5-dinitro-o-xylene. 

Influence of Successive Nitration—The conversion of ortho- or 
para-nitroaniline into 2: 4-dinitroaniline is not accompanied by 
any marked change in the absorption, the single broad band being 
shifted considerably towards the blue. The introduction of a 
third nitro-group produces a profound alteration, for picramide 
exhibits two well-defined bands. This anomalous absorption re- 
verts, however, to the normal single-band type when picramide is 
alkylated, arylated, benzylated, or converted into 2: 4: 6-trinitro- 
phenylpiperidine (Fig. 5; compare Hantzsch and Lister, loc. cit.). 

Influence of Acylation.—The acylation of aromatic nitroamines 
introduces the most general rule we have observed in this group 
of bases. This generalisation, which holds for both inorganic and 
organic acyl groups, is that acylation either obliterates the absorp- 
tion band completely or greatly reduces its persistence and shifts 
it towards the blue. The case of N-substituted nitro- and nitroso- 
amines has already been noted (T., 1911, 99, 947). On Fig. 5 is 
shown the effect of the successive acetylation of nitro-p-phenylene- 
diamine (compare T., 1912, 101, 1213, and Baly, Tuck and 
Marsden, T., 1910, 97, 581). 
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Relation between Chemicai Constitution of Aromatic Compounds 
and their Absorption Spectra. 


The foregoing generalisation indicates that the residual affinity 
of the aminic nitrogen is a predominant factor in determining the 
character of the absorption of the nitroamine, for whenever this 
residual affinity is modified by acylation, the same general change 
is noticed in the absorption. Apart from this rule, there is no 
apparent general relationship between the orientation of the 
amino-group in regard to the other substituents of the nucleus and 
the character of the absorption spectrum. Closely allied isomerides 
differ considerably in this respect, and yet there is no chemical 
reason for modifying the conventional mode of representing their 
chemical constitution. Hantzsch (Ber., 1910, 43, 1669) has made 
use of the hypothesis of subsidiary valencies to explain these 
differences, and more recently Baly has put forward an explana- 
tion based on the electromagnetic properties of chemical atoms. 
The selective absorption of the various nitroamines in alcoholic 
solution is regarded as being due to the effect of the residual 
affinity of the alcohol on the molecular fields of force of the com- 
pound (/, Soc. Chem. Ind., 1915, 34, 397). 

In view of the many attempts made in recent years to correlate 
changes in absorption with the introduction of certain atoms or 
groups, it is permissible to quote a deduction drawn by Hartley 
thirty years ago as a result of the spectroscopic study of certain 
aromatic compounds. 

“Molecules of compounds, that is to say, molecules composed of 
dissimilar atoms, vibrate as wholes or units, and the fundamental 
vibrations give rise to secondary vibrations which stand in no 
visible relation to the chemical constituents of the molecule, 
whether these be atoms or smaller molecules” (T., 1885, 47, 693). 

The results obtained in the study of absorption spectra point to 
the conclusion that the differences manifested in the selective 
absorption of closely related organic substances indicate specific 
differences in chemical structure which are far too subtle to be 
indicated by our ordinary conventional modes of representing 
chemical constitutions. One difficulty arises from the circum- 
stance, frequently overlooked, that just as the substituent modifies 
the molecule into which it is introduced, so does the molecule with 
all its other substituents influence and modify the chemical re- 
activity and the spatial configuration of the entrant group. When 
four or more of these factors are operating simultaneously, but in 
varying degrees, one obtains the diverse types of absorption spectra 
noticed among the isomeric nitrotoluidines and dinitroamino-o- 
xylenes. 


1318 JONES AND WHEELER: 


As a result of these complications, it follows that each organic 
substance of any considerable degree of complexity must be re- 
garded as having its own particular constitution in regard to its 
action on visible and invisible light. The resultant absorption is a 
specific characteristic of the compound, which cannot generally be 
deduced as an additive property obtainable by integrating the 
individual contributory effects of each of the constituent groups or 
atoms in the molecule. 


We desire to express our thanks to the Research Grant Com- 
mittee of the Royal Society for a grant which has partly defrayed 
the expenses of this investigation. 
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CXLVII.—The Composition of Coal. Part II]. 
By Davip Trevor Jones and RicHarpD VERNON WHEELER. 


In the two previous communications of this series (T., 1914, 105, 
141, 2562), the thermal decompositions of coal in a vacuum at 
temperatures below 450° and below 350°, respectively, were con- 
sidered. When drawing conclusions as to the nature of coal from 
the liquid products thus obtained, we presumed that the “resinous 
substances” only of the coal conglomerate had suffered decomposi- 
tion by the method of attack employed. We have now distilled 
separately in a vacuum the several portions into which coal can 
be divided by the solvent action of pyridine and chloroform, and 
we find that whereas the main bulk of the liquid distillates from 
coal as a whole undoubtedly arises from decomposition of the 
“resinous substances,” the ‘“ humic substances” also yield liquid 
products—in small proportion only, but of distinctive character. 
The two main constituents of the coal conglomerate, ‘“ humus 
substances’”’ and “ resinous substances,” can be separated roughly 
by prolonged treatment of the coal with boiling pyridine, and a 
further separation can be made by extracting with chloroform the 
portion dissolved by pyridine (compare T., 1913, 103, 1704). We 
have already given reasons for considering that the portion (a) of 
coal insoluble in pyridine, and the portion (4) soluble in pyridine, 
but insoluble in chloroform, both consist mainly of the “humic” 
class of compounds, and that the portion (c) soluble both in pyri- 
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dine and chloroform is almost entirely of “resinous” character. 
This conclusion is borne out by the present work. 

The portions (a) and (6) yield on distillation very small per- 
centages of liquid products, whilst from the portion (c), between 
40 and 50 per cent. distils below 400°. There is, moreover, a 
marked difference in the nature of the distillates. The “humus 
substances” (a) and (b) yield as liquids mainly phenols; the 
“resinous substances” (c) yield no phenols, but paraffins, olefines, 
and naphthenes. 

The distillation of phenols from the “ humus substances” gives 
a clue to their constitution. 

It is highly improbable that phenols exist in coal in the 
“bound ” condition in a manner similar to that suggested for 
other types of compounds (/oc. cit., p. 143), for coal is hardly acted 
on by alkali hydroxides. The possibility of coal containing 
“bound” hydrogenated phenols, and eliminating hydrogen and 
yielding phenols when destructively distilled, is also discounted by 
the observation that hexahydrophenol (cyclohexanol) does not 
decompose in that manner, but eliminates water and yields cyclo- 
hexene : 


CBSO On ->CHOH —> H,0+CH,<op 2 CH CH. 

Two other imaginable sources of phenols from coal require 
discussion. 

Pictet and Bouvier (Compt. rend., 1913, 157, 779; Ber., 1913, 
46, 3342) have obtained alcohols in their “vacuum tar” from 
French coals. It might be argued that “bound” alcohol mole- 
cules in coal could undergo decomposition and yield phenols. 
Pictet and Bouvier did, indeed, obtain phenols by subjecting a 
composite sample of the vacuum tar to a red heat, but they obtained 
none from the alcohols when heated alone. It is difficult, there- 
fore, to assume that during low temperature distillation of British 
coals, “ bound” alcohols would yield phenols, but not appear them- 
selves in the distillates. 

The suggestion made by Russig (Chem. Zeit., 1902, 26, 190, 
344), that phenols may be formed from paracoumarone, was re- 
ferred to in a previous paper. Paracoumarone, which consists of 
four molecules of coumarone, yields on distillation phenol (17 per 
cent.) and coumarone (51 per cent.) (Kraemer and Spilker, Ber., 
1900, 33, 2257). The presence in the neutral oils from the dis- 
tillation of coal in a vacuum at low temperatures of coumarones 
in quantity corresponding with that of the phenols found in the 
tar would be indicated on combustion analysis by a percentage of 
oxygen between four and six. We have invariably found that the 
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neutral oils consist almost entirely of hydrocarbons. The view 
that coumarones in coal are responsible for the phenols found in 
the tar must therefore be abandoned. 

The molecule of coumarone contains the furan grouping 


and it would seem to be the presence of this grouping that deter- 
mines the production of phenol when coumarone is _ heated. 
Similarly, in our view, the distillation of phenols from the ‘ humus 
substances”’ separated from coal indicates the presence of the 
furan grouping in the “ humus substances.” 

This view is in harmony with the suggestion that the portion of 
coal insoluble in pyridine should be regarded as derived from the 
woody fibre or celluloses of the original coal plants; for the furan 
structure of the cellulose molecule has been demonstrated (Fenton 
and Gostling, T., 1901, 79, 166, 361), and it has been shown that 
cellulose yields phenol on distillation (Wichelhaus, Ber., 1910, 48, 
2922). 


am 


ExPERIMENTAL. j 


The coal used was a bitumous coal from a Durham seam. It 
had the following analysis: 


** Volatile matter” ......... 30-8 per cent. on dry coal. 
BER vccsccscvccccececsccccceces 4-1 

COO ndsniccseveccsesaccocnce 86-88 per cent. on ash-free dry coal. 
BROOD cnincidsccsscncseesss 5-41 
IIE: cicwccenenenesesoneenes 4-71 
POE case ccdescccicxcsens 1-75 

GREE ne onsdacesscnncsesscs 1-25 


About a kilogram of the coal was pulverised to pass through 
a 200x200 mesh sieve, and separate portions, each of about 
20 grams, were thoroughly extracted with dry pyridine in several 
Soxhlet apparatus, using filter-paper fat-extraction thimbles, until 
the whole had been so treated. 

The residue in the thimbles was dried, and allowed to remain 
over concentrated sulphuric acid in a vacuum. This residue, in- 
soluble in pyridine, is referred to as portion (a) of the coal. 

The pyridine solution was concentrated in a vacuum, and when 
viscous poured into water. The chocolate-brown precipitate thus 
obtained was dried in a vacuum and extracted with chloroform. 
The residue, insoluble in chloroform, referred to as portion (4) of 
the coal, was dried in a vacuum, and the chloroform solution was 
evaporated to dryness in a vacuum at 100°. A brown substance, 
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pale brown when powdered, was thus obtained—portion (c) of 
the coal. 

The apparatus employed for the distillations, a diagram of which 
is given, consisted of a hard glass flask of 250 c.c. capacity, to 
which condensing tubes were attached. The neck of the flask 
was sealed at the blowpipe after the material to be distilled had 
been introduced, and the apparatus was then sealed to an auto- 
matically acting Sprengel mercury pump. An electrically heated 
sand-bath served to raise the temperature of the flask as required. 
The first of the two condensers was air-cooled, and the second was 
surrounded by a solution of solid carbon dioxide in ether. Any 
gases that escaped condensation passed through the Sprengel 
pump, and were collected. 

Distillation of Portion (a).—Before distillation, about 150 grams 
of the material were heated for several hours in a vacuum at 130° 
to remove as much of the pyridine as possible. The temperature 


was then gradually raised. Some gases were evolved at 200°, and 
a mixture of pyridine and water passed over into the condensing 
tubes at about 250°.* Heavy vapours began to be evolved at 
390°, and passed over freely at 450°, at which temperature the 
distillation was maintained in a vacuum until it appeared to be 
complete. 

The main bulk of the oils contained in the first receiver (which 
also contained a small quantity of acidic water) was soluble in 
sodium hydroxide, the solution yielding phenols on acidification. 
The second receiver, which had been cooled by solid carbon dioxide 
dissolved in ether, contained about 0°5 c.c. of oil. This, together 
with some oil that had condensed at atmospheric pressure after 


* It was found that both the water and the pyridine, which latter was 
tenaciously retained by the material and continued to make its appearance 
in small quantity up to 320°, was re-absorbed when the apparatus was allowed 
to cool to room temperature. 
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passing through the Sprengel pump, was washed with sodium 
hydroxide and dilute sulphuric acid, to remove phenols and bases, 
and distilled. On analysis: 0°1033 gave 0°3259 CO, and 0°1051 
H,O. C=8604; H=11'35; C+ H=97°39. 

The material remaining in the flask at the end of the distilla- 
tion was unchanged in appearance, being in the same finely 
divided state as before heating. 

Distillation of Portion (b).—About 150 grams of the material 
were distilled. Gases and water vapour began to be evolved at 
180—200°, and oils at 390°. The distillation was continued at 
450° in a vacuum until complete. The liquids condensed consisted 
of acidic water and oils, 40 per cent. of which were phenols. The 
remainder of the oils were of a resinous nature, and were not 
further examined ; they arose, we believe, from some incompletely 
extracted coal mixed with the material in the flask. 

The contents of the flask during distillation, as in the case of 
portion (a), showed no tendency to cake, but remained as a fine 
powder. 

Distillation of Portion (c).—Sixty-five grams of the portion of 
the coal soluble both in pyridine and chloroform were distilled 
in a vacuum, the temperature being raised gradually. The 
material softened at 90°, and portions melted at 102°. Gases 
began to be evolved at 170°. The temperature was maintained 
at 180° until liquids ceased to be distilled. The liquids distilled 
at this temperature contained a considerable proportion of pyri- 
dine and chloroform which had been retained by the material, 
despite previous treatment for their removal. After separating 
these, there remained an oil, which distilled at atmospheric 
pressure without decomposition up to 255°. This oil contained no 
phenols, but on analysis: 0°1826 gave 0°5792 CO, and 0°1624 
H,O. C=8650; H=9°88; C+H=96°38. Treatment of the oils 
with sodium showed that the oxygen indicated by this analysis 
was not present as hydroxyl. The amount of oil was insufficient 
for further examination. 

Distillation of the material in the flask was continued up to 
400°. At 250°, considerable quantities of paraffin-wax distilled 
over into the first receiver, mixed with some resinous matter, the 
quantity (and the density) of which increased as the temperature 
was raised. Large volumes of gases were evolved at 320°. At 
400°, the contents of the flask swelled up, and portions of the 
material solidified in the exit tube. 

The distillate collected in the air-cooled receiver weighed 16°5 
grams, and was a viscous, resin-like substance, of which the com- 
bustion analysis was: 0°2202 gave 0°6846 CO, and 0°1745 H,O. 
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C=84:'78; H=879; C+H=93°'57. On redistilling this “ resin” 
under 25 mm. pressure, about 1°5 c.c. of oil was obtained between 
160° and 200° which contained a considerable proportion of 
olefinic hydrocarbons; on removal of these, there remained a liquid 
with a pleasant odour, resembling that of refined petroleum. No 
phenols were present. 

The liquids collected in the receiver cooled by solid carbon 
dioxide and ether consisted of water (50 per cent. by volume) con- 
taining hydrochloric acid,.and an oil, which boiled between 180° 
and 250° at atmospheric pressure. On analysis: 0°1052 gave 
0°3368 CO, and 0°0947 H,O. C=87'°31; H=10°00; C+ H=97°31. 
No phenols were present. 

The material left in the flask after distillation was a hard, 
compact pitch. It weighed 23 grams, and was completely soluble 
in pyridine. On analysis: 0°1262 gave 0°4070 CO, and 0°0644 
H,O. C=87'96; H=5°67; C+ H=93'63. 

The difference in character between the hard pitch formed from 
this portion of the coal and the incoherent powders remaining 
after portions (a) and (b) had been distilled, clearly demonstrates 
the fact that the coking properties of coal are due to the 
“resinous constituents.” 

It is noticeable that the combustion analyses of the neutral oils 
distilled from the various portions of the coal indicated that they 
contained oxygenated compounds. In this respect they differed 
from the oils obtained on distilling the coal as a whole before it 
had been treated with solvents. This treatment with solvents, a 
prolonged operation, necessarily involves the exposure of the finely 
divided substances to air, and as experiments, which need not be 
described here, have shown, oxygen is rapidly absorbed by each of 
the three portions (a), (b), and (c)—most readily by portion (c). 
Some of this oxygen appears as carbon dioxide and carbon mon- 
oxide when the materials are raised slightly in temperature, whilst 
some apparently forms oxygenated compounds, which appear in the 
oils distilled at higher temperatures. 

Composition of the Gases Evolved from the Various Portions. 
—Gases were evolved in small quantities from each of the three 
portions at temperatures below 300°. These gases consisted in 
each case almost entirely of carbon dioxide and carbon monoxide 
in the ratio 3:1. The gases evolved between 300° and 450° had 
the following analyses: 
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From From From 

portion (a). portion (5). portion (c). 

Per cent. Per cent. Per cent. 
RIE cuncocunducansees 0-4 0- 0-1 
Carbon dioxide ......... 3°7 4-4 2-0 
Ethylene .........s+00++ 5-1 5-2 1-9 
Carbon monoxide ... 13-6 12-1 8-4 
Hydrogen ........0+.+0. 14-8 19-1 nil 
ROEND  knccdecacsanece 62-4 59-0 87-6 


The similarity in composition of the gases obtained from por- 
tions (a) and (>) is marked, and contributes to the conclusion that 
similar groupings of atoms occur in each and undergo decomposi- 
tion in the same manner. 


EskKMEALS, 
CUMBERLAND. [ Received, August 4th, 1915.] 


CXLVIII.—E£atinction Measurements of Solutions of 
Sulphurous Acid, Sulphites, Hydrogen Suiphites, 
and Metabisulphites, and of Gaseous and Liquid 
Sulphur Diowide. 


By Cuartes Scott GARRETT. 


I. Introduction. 


THE question as to the existence of isomeric forms of metallic 
sulphites has been debated from time to time, and may still be 
regarded as an open one. Solutions of sulphur dioxide in water, 
the so-called sulphurous acid, absorb ultra-violet light, whereas the 
normal sulphites are more or less diactinic in similar regions, con- 
sequently it was of interest to investigate what evidence a 
systematic study of the absorption spectra of sulphur dioxide and 
its derivatives could furnish towards the elucidation of the problem. 

Two constitutions for sulphites are possible, namely, RO-SO,°R 
and RO-SO-OR. 

When R represents an alkyl group, there is clear evidence that 
both types of compound exist, from their mode of formation and 
the differences in their physical properties. As regards metallic 
derivatives, Schwicker (Ber., 1889, 22, 1730) distinguishes two 
sodium-potassium isomerides, obtained by neutralising sodium 
hydrogen sulphite and potassium hydrogen sulphite with potassium 
carbonate and sodium carbonate respectively. These two iso- 
merides, KO-SO,"Na and NaQ-SO,°K, on heating with ethyl 
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iodide, give, according to Schwicker, 4KO-SO,°C,H;,NaI and 
4Na0-SO,°C,H,;,KI respectively—substances analogous to similar 
thiosulphate compounds. 

Barth (Zeitsch. physikal. Chem., 1892, 9, 176) cannot distinguish 
between these compounds, and concludes that in solution, at least, 
the supposed sodium-potassium isomeric sulphites give rise to the 
same set of ions. Recently, Fraps (Amer. Chem. J., 1900, 28, 
202) has reinvestigated the action of ethyl iodide, without being 
able to detect any difference in the two reactions. 


II. Previous Spectroscopic Work.* 


While these investigations on sulphites were in progress, a note 
appeared by Wright (P., 1913, 29, 375) indicating that a part of 
the field ot work was being examined qualitatively. The author 
accordingly postponed publication of any quantitative measure- 
ments until Wright's results had appeared (T., 1914, 105, 2909). 
As will be seen later, the author’s results confirm those already 
obtained in the qualitative experiments. 

An extended investigation on the absorption spectrum of 
gaseous sulphur dioxide has been carried out by Miss Lowater 
(Astrophys. J., 1910, 31, 311). Exact measurements of the posi- 
tions of all the individual bands have not therefore been 
attempted, since the grating used by Miss Lowater far transcended 
in dispersion the Hilger quartz spectrometer used in the present 
work. Measurements of the molecular extinction of several of the 
bands have, however, been made in order to obtain accurately the 
position of the band of maximum persistency in the gaseous spec- 
trum. The details of such measurement do not, however, directly 
affect the problem under investigation, and are therefore held over 
for future publication. 


III. Preparation of Materials, Analyses, ete. 


The various hydrogen sulphite solutions were made up accurately 
by half-neutralisation of concentrated sulphur dioxide solution 
with solutions of rubidium, potassium, sodium, and ammonium 
hydroxides respectively. The stock sulphur dioxide solution was 
prepared by passing the gas into air and water free from carbon 


* When this paper had been written a spectroscopic investigation em- 
bracing sulphites, metabisulphites and sulphur dioxide by K. Schaeffer with 
H. Niggemann and W. Kohler (Zeitsch. Elektrochem., 1915, 21, 181) was 
brought to my notice. Their results, in general, substantiate those which 
I have found, but these authors have failed to realise the important part 
which light plays in the development of selective absorption in hydrogen 
sulphite and metabisulphite solutions, as well as the ‘‘ time ”’ factor. 
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dioxide, and was preserved in a reservoir under hydrogen; all the 
dilute solutions also were made up with similar water, and in 
narrow-necked, stoppered flasks. Experience showed that all these 
precautions were absolutely necessary to obtain consistent 
analytical and spectroscopic results. Most probably their effect is 
to minimise ordinary hydrolysis and oxidation. It is well known 
that the addition of various organic substances, for example, 
dextrose, sucrose, starch, glycerol, and even alcohol, have a similar 
negative catalytic effect. The author has not, however, employed 
any such catalyst, lest an unknown factor in the absorption 
measurements might have been introduced. The recent work of 
several investigators has shown the potency of small traces of 
foreign substances on accurate extinction measurements. 

The sulphur dioxide was always estimated by means of the 
iodine and thiosulphate reaction. After some experience, 
0°06 SO,/2-solutions were found to be the most suitable with which 
to work, owing to the limitations of cell-length imposed by the new 
Hilger sector apparatus, which was used in conjunction with a 
Hilger quartz spectrometer for measuring the extinctions. 

The mixed neutral sulphites were also prepared by neutralisa- 
tion. On account of the well-known abnormality of the silver 
radicle, an attempt was made to obtain some soluble silver deriv- 
ative. No soluble silver hydrogen sulphite or mixed normal 
sulphite could, however, be obtained by any method of prepara- 
tion. Pure silver sulphite was prepared by precipitation, analysed, 
and found to dissolve by prolonged shaking in sodium sulphite 
solution to the extent of Ag: Na=1:6, when the solution was 
1°4NV with respect to sulphur dioxide. 

Several English and German preparations of solid sodium and 
potassium hydrogen sulphites were analysed, and invariably found 
to be impure; generally, the percentage of metal was too high, 
indicating reversion to the normal salt or sulphate. The solid salt 
has always an odour of sulphur dioxide, and is extremely difficult 
to obtain in a pure and dry state suitable for analysis. Beauti- 
fully clean and crystalline salts could be prepared by recrystallisa- 
tion of the crude product or by passing sulphur dioxide into dilute 
carbonate solution until all effervescence had ceased, and then 
adding alcohol in smaller quantity than would produce an 
immediate precipitate. On keeping, the hydrogen sulphite crystal- 
lised out, and could be quickly collected, washed with water, 
alcohol, and ether, and dried in a slow current of nitrogen or 
hydrogen. The crystals cannot be dried in a desiccator over 
sulphuric acid without losing the elements of water and passing 
into the metabisulphite state. Even with these precautions, it 
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was found impossible to obtain analytical figures for the alkali 
metal nearer than within 1°5 per cent. of the theoretical. On 
the other hand, the metabisulphites are stable, and can easily be 
prepared pure. The sodium salt was obtained in a pure, anhydrous 
condition by passing dry sulphur dioxide into alcoholic sodium 
ethoxide, formed by dissolving sodium in absolute alcohol. Quite 
good analytical figures are given by Kahlbaum’s samples if the 
crystals are first washed free from powder and dried with a cloth. 

An attempt was made to prepare a mixed ester, potassium ethyl 
sulphonate, but several methods were employed without success. 
Arbusov (J. Russ. Phys. Chem. Soc., 1909, 41, 447) states that he 
prepared potassium methyl sulphite by mixing sodium hydrogen 
sulphite and potassium carbonate, or potassium hydrogen sulphite 
and sodium carbonate, with methyl iodide and a little water. 
When the evolution of carbon dioxide has ceased, the reaction is 
completed by shaking the bottle containing the reaction mixture 
for several hours. This method was followed, replacing methyl 
iodide by ethyl iodide. After shaking for four hours, the mixture 
was evaporated to dryness, and extracted with hot alcohol. On 
cooling and stirring, a crystalline precipitate was obtained, which 
was twice recrystallised from alcohol. The product on examina- 
tion was found to contain iodine, and on analysis gave figures 
which did not agree with Schwicker’s formula, 

4C,H,;°SO,-OK,NalI, 
but were practically identical with the empirical result, 
7°2KC,H,SO,,2°8Nal, 
found by Godby (P., 1907, 28, 241). 

Acetone sodium hydrogen sulphite was prepared by adding 
excess of acetone to the sulphite solution and keeping the mixture 
cool. On recrystallisation, a product was obtained which gave 
correct results on analysis. 

Symmetrical and unsymmetrical diethyl sulphites [SO(OEt), 
and Et:SO,-OEt] were obtained from Kahlbaum, and the re- 
distilled liquids were used to make up the aqueous solutions. 

The liquid sulphur dioxide supplied by English manufacturers 
was found, on evaporation out of contact with moisture, to leave 
a trace of water. 

The pure, dry liquid was, therefore, obtained by twice distilling 
the commercial liquid through phosphoric oxide tubes, condensa- 
tion being effected by means of a vacuum-jacketed bath of solid 
carbon dioxide dissolved in acetone. 

The gas used in the absorption measurements was obtained from 
a syphon of the liquid, and similarly dried by passage through 
phosphoric oxide. 


-_——- + 
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IV. Measurements of the Molecular Extinctions. 


All measurements were made photographically, as already stated, 
with a large Hilger quartz spectrometer (dispersion, 200 mm. 
between 210 pp and 800) in conjunction with the firm’s new 
rotating sector apparatus. The spark was produced between nickel 
electrodes ; the plates used were Messrs. Wratten and Wainwright’s 
“Process.’’ The negatives were read off directly with a standard 
nickel spectrum plate, and the readings corrected with the curves 
of errors of both the instrument and the “ process” plate, which 
curves had already been experimentally determined in this labora- 
tory. The lengths of the ceils varied from 1 to 40 mm. The 
molecular extinction, M.E., was calculated from the usual formula 
M.E.=/c, where the coefficient of extinction, k, is given by the 
expression 


“ce 


I 
P 
7, being the incident intensity, J the emergent intensity, d the 
cell-length, and ¢ the concentration. 

The extinction curve for the acid is shown at A, Fig. 1. This 
curve could always be repeated in different experiments, provided 
the precautions as to pure solvent, stoppering, etc., were observed. 
It was otherwise, however, with the alkali hydrogen sulphite solu- 
tions. At first very discordant results were obtained, the same 
solutions, for instance, giving different spectra on different 
occasions. It was soon seen that the absorption was increasing 
with time, as is well shown by the curves for sodium hydrogen 
sulphite solution shown in Fig. 2. Accordingly, the absorption 
changes in each solution were followed until a constant point was 
reached. This point was attained by all the solutions of hydrogen 
sulphites within four to five weeks. The maximum molecular 
extinction curves are shown in B, Fig. 1 (RbHSO,), C(KHSOs), 
D(NaHSO,), E(AmHSO,). It followed at once that if the spec- 
trum could be obtained at the moment of mixing the acid and 
alkali, all selective absorption would be absent. The selective 
absorption must therefore arise from a change which takes place 
in solution on keeping. It was of interest to test whether this 
change was alone conditioned by solution. A solution of sodium 
hydrogen sulphite was made up, one part being placed in the 
dark and the other in the light, as before. After twenty-six days 
these were examined, when it was found that whilst the light solu- 
tion had reached its maximum absorption, the dark solution ex- 
hibited only very little selective absorption. On exposing now the 
dark solution to light, it was found to develop in ten days a 


k = 5 log 
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maximum absorption similar to the light portion, and to remain 
constant. Evidently, therefore, ordinary visible light is a very 
considerable factor in the production of the selective absorption in 


solution. 
The next point to test was whether the freshly dissolved 


Fic. 1. 


Hydrogen sulphite solutions (after equilibrium is established—thirty-five days). 
Wave-lengths (A.U.). 


3400 3000 2500 2000 


Logarithms of Molecular Extinctions. 
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[2 H.SO, solution 

B, RbHSO. . ; 

0-06 SO,/2 concentration ; C, KHSO, Bs i go egg 
D, NaHSO, ae 1» H,SO, solution. 

E, AmHSO, ” 


hydrogen sulphites possessed this selective absorption, as conceiv- 
ably they might, since the solids would have in all probability 
crystallised from solutions in which an equilibrium had been 
attained. The almost pure solid salts, NaHSO, and KHSO,, were 
dissolved to concentration 0°06 SO,/2, and the solutions photo- 
graphed from time to time. An exactly similar phenomenon was 


1330 GARRETT: EXTINCTION MEASUREMENTS OF 


encountered. The selective absorption was almost absent initially, 
but developed in the light to the constant maxima originally 
obtained with the half-neutralised solutions. The selective absorp- 


Fie. 2. 


Change of hydrogen sulphite solutions on keeping and in light (partial curves). 
Wave-lengths (A.U.). 
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tion is something apart from the constitution RHSO;, where R 
stands for a univalent metallic radicle. 

It might be attributed to the formation of metabisulphite in 
solution, owing to an equilibrium of the nature 


NaHSO,+ NaHSO; — Na,S,0;+ H,O 
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being set up in solution. If so, the freshly dissolved meta- 
bisulphite ought to exhibit strong selective absorption right from 
the moment of solution. This was found, however, not to be the 
case. Both sodium and potassium metabisulphite solutions of con- 
centration 0°06 SO,/2 behaved exactly similarly to the hydrogen 
sulphite solutions, and, in fact, reached the same constant maxima 
which those solutions had given. Obviously, the above equilibrium 
is not the seat of the selective absorption. From the fact that 
the metabisulphite solutions arrive ultimately at the maxima for 
the hydrogen sulphite solutions, it must be ccncluded that in solu- 
tion at this dilution there is no difference between the two deriv- 
atives. This, of course, has been the view generally held, and 
has its expression in the above equation. 

Further, the solutions of the normal pure alkali sulphites, for 
example, sodium sulphite, exhibit no selective absorption, even on 
long keeping in the light. 

Similarly, the mixed alkali sulphites, for example, potassium 
sodium sulphite, KNaSO,, whether produced by half-neutralisation 
of sulphur dioxide solution with potassium hydroxide, and then 
with sodium hydroxide, or vice versa, do not show a trace of 
selective absorption. It might be objected that in both of these 
cases compounds of exactly the same constitutions would be pro- 
duced, owing to the difference in the basicity of the metals. This 
difference would ultimately place the potassium atom in the same 
position in each case, and correspondingly the sodium atom also. 
It was for this reason that an attempt was made to introduce the 
silver atom, as silver is known to be abnormal in its method of 
entry into some inorganic salts, for example, silver nitrite, which 
exists in the two forms Ag:-NO, and AgO-NO. 

A solution of 0°10 SO,/2 sulphite with silver and potassium in 
the ratio 1: 9 showed only increased general absorption on account 
of the silver atom, but no selective absorption. 

Similarly, when one of the alkali metals in a normal sulphite is 
replaced by an organic radicle, there is no production of selective 
absorption. 

A 0°06 SO,/2 solution of the salt 7°2 KC,H,°SO,,2°8NaI gave 
very large general absorption, doubtless due to the iodine radicle, 
extending over the region of selective absorption, but with no 
indication of the latter. Acetone sodium hydrogen sulphite, 
CH,°C(OH)(SO,Na)*CHsg, likewise was unabsorbing. 

Finally, both the symmetrical and unsymmetrical diethyl 
sulphites possessed only general end-absorption, although rather 
greater than the metallic salts. Now, the constitutions of these 
compounds have been settled by the methods of organic chemistry, 
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and they are the constitutions which have been put forward for 
the isomeric inorganic sulphites. One must. then, draw the con- 
clusion that absorption experiments can throw no light on the 
existence of isomeric inorganic sulphites. They do not possess 
selective absorption. 

The question now arises as to the origin of the selective absorp- 
tion in the acid and the hydrogen sulphite solutions. The region 
of selective absorption in the solutions corresponds with that which 
appears in the gaseous spectrum. The phenomenon in solution 
cannot be due to an hydrolysis of the ordinary type producing free 
sulphur dioxide in solution, 

NaHSO,+H,O =— NaOH + H,SO;,(SO, + #H,0), 
as in that case we should expect the greatest production of free 
sulphur dioxide, and hence of selective absorption, in the case of 
ammonium hydrogen sulphite, and least with rubidium hydrogen 
sulphite. Moreover, the solutions should be alkaline, whereas 
practically all react acid to litmus. The whole phenomenon is ex- 
plainable by the reactions set out in the following equations: 
I. H,O + Na,§,0; 2NaHSO, (reaction in solution). 
II. NaHSO,+ NaHSO,=— Na,SO,+ H,SO, (light reaction). 

III. H,SO, — SO,,2H,O (reaction in solution). 

The seat of the selective absorption is, then, simply the dis- 
solved or hydrated sulphur dioxide which is in equilibrium with 
that portion of the gas that has combined with water to form 
sulphurous acid. If the amount of the SO,,7H,O present in the 
acid at this dilution is called 200 per cent., then the following table 
shows the percentages for the hydrogen sulphite solutions: 


Ratios of 
absorbing 
Solution, Maxm. M.E. A 2760 A.U. entities. 
H,SO, 213-8 200 
RbHSO, 53-1 49-7 
KHSO, 43-2 40-4 
NaHSO, 40-8 38-1 
AmHSO, 37°3 34-9 


The order of the hydrogen sulphites in this table agrees with the 
accepted order of strength of the various basic radicles. Equi- 
librium IT is shifted more to the right the stronger the parent base 
of the hydrogen sulphite. 

As regards Beer’s law, the validity has been tested with the acid 
solutions as follows: 


Concentration. Maxm. M.E. (A 2760 A.U.) 
SPT NUD niatsdncccsnssdinnseseceatonss 213-8 
PU Wiadensnenssenescasisdesvedsacesasin 141-3 


d extinction 


=2 approx. for this 
d concentration PP 


These figures give a coefficient 
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range of dilution. From this it is evident that equilibrium III 
shifts to the left on dilution. 

It was further decided to compare the absorption of the acid 
with that of the pure, dry gas of exactly the same concentration of 
sulphur dioxide. A quartz-ended absorption cell was constructed 
with all-glass connexions joining it to the gas reservoir, a pump, 
and a mercury manometer. Using the figure 2°9266 (Leduc, 
Compt. rend., 1897, 125, 571) for the density of sulphur dioxide 
at N.T.P., 45° lat. and sea-level, and the volume coefficient of ex- 
pansion between 0° and 20°, a=0°004 (Amagat, Compt. rend., 
1871, 73, 184; 1872, 74, 1299), the exact pressure was calculated 
at which, in Liverpool, at the temperature at which extinction 
measurements of the solutions were made, the gaseous concentra- 
tion would be 0°06 SO,/2 in the cell. After washing out the cell 
repeatedly with the dry gas, it was filled at this pressure. By 
trial and error, such a length of cell was arrived at with which, 
under the above conditions, it was possible to obtain the bottom 
of the multi-banded absorption system of the gas. The layer of 
gas required was 1°27 mm. The centre of the absorption lay at 
42961 A.U., with M.E.=402°2 units. If, then, a molecule of 
sulphur dioxide can be regarded as having the same power of 
absorption in both the gaseous and liquid phases, the conclusion 
is arrived at that in the solution only the fraction 213°3/402°2 of 
the whole remains comparable to the gaseous state. The effect of 
the solvent may be gauged in the shift towards shorter wavelengths 
of the gaseous maximum from A 2961 to A 2770 A.U. If the above 
assumption is valid, it is easy to calculate from the foregoing table 
the amount of SO,,2H,O present in the various hydrogen sulphite 
solutions when equilibrium is reached. In general, also, the frac- 
tion of sulphur dioxide present, as such, in any sulphite solution 
is given by the ratio, M.E. of the solution: maximum M.E. of the 
same concentration of gaseous sulphur dioxide at the same 
temperature. 

On account of the shift of the centre of the absorption system 
on changing from the gaseous to the solution phase, it was decided 
to measure the position in the liquid phase. Here, the greatest 
difficulty was to obtain a sufficiently thin layer of pure and dry 
liquid between quartz plates, and to measure the thickness of such 
a layer. After several trials, a brass screw cell was ultimately 
made which was able to stand the pressure (3 atmos.) long enough 
to allow measurements to be taken through the film. The liquid 
was distilled into the cell, and the layer was estimated by micro- 
meter measurements. This measurement is to be regarded as 
accurate only with respect to its order 5x1i0-% mm. At the 


| 
; 
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temperature of the experiment, 16°, the specific gravity of liquid 
sulphur dioxide is 1°3933 (Lange, Zeitsch. angew. Chem., 1899, 
12, 277), which gives a concentration of SO,/2=43°49 approx. 
The centre of the absorption band, which resembled that of the 
solution phase in being unresolved, lay at 42850 A.U., and the 
order of the M.E. was computed to be 8 x 10? units. It will thus 
be seen that the maximum point for this phase lies between those 


for the other phases, 


Centre of 
Phase. absorption. 
GRRROIOE insssdcnecnaccececccnnns 2961 A.U. 
BAM aisesssscsacescicsecscscies 2850 
IOED ccndsancciccsaccccerecse 2770 


The M.E. here represents the limiting case of Beer’s law; when no 
water at all is present, there are either the greatest number of 
absorbers present in a given amount of the substance, or the in- 
dividual molecules have their most intense absorption. 

A more detailed study of the gaseous absorption has been carried 
out more especially to test the applicability of the views, based on 
the Planck hypothesis and on Bjerrum’s work, recently put for- 
ward by Baly (Phil. Mag., 1914, [vi], 27, 632; 1915, [vi], 29, 233) 
as to the connexion between ultra-violet and infra-red spectra. 
This work however can best be dealt with in a separate paper, 
which it is hoped shortly to publish. 

In conclusion, it ought to be mentioned that the solutions of 
sulphite containing an organic radicle, namely, acetone sodium 
hydrogen sulphite, and the symmetrical and unsymmetrical diethyl 
sulphites, on very long keeping showed the beginnings of selective 
absorption. This, doubtless, arose from the continued hydrolytic 
action of water, tending to produce hydrogen sulphites, according 
to the equation 

RR,SO,+H,O —> RHSO,+R,0H, 
after which the course already indicated would be followed. 

Without exception, however, normal metallic sulphite solutions 
failed to develop any selective absorption, even on very long 
keeping. 

DEPARTMENT OF INORGANIC CHEMISTRY, 


Tue UNIVERSITY, 
LIVERPOOL. [Received, June 28th, 1915.] 
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CXLIX.—TZhe Action of Alkalis on Dextrose and 
Laevulose. 
By Cuartes WitFrip Roserts PoweELt. 


WueEN alkalis are added to a solution of dextrose or levulose, a 
transformation occurs which tends to produce an equilibrium mix- 
ture of dextrose, levulose, and mannose. Equilibrium is, how- 
ever, never actually reached, owing to a gradual decomposition of 
the hexoses into saccharinic acids, saccharins, and numerous other 
substances, the exact nature of which depends on the concentration 
of the alkali (Nef, Annalen, 1910, 376, 1). 

In addition to these two reactions, there is to be considered the 
existence of combinations between the alkali and the sugar 
(Madsen, Zeitsch. physikal. Chem., 1901, 36, 290). 

The following research may be divided into two parts, dealing 
with: 

(1) The combination between dextrose or levulose and alkalis 
in aqueous solutions. 

(2) The velocity of the decomposition which ensues. 


(1) The Detection of the Formation of a Compound between 
Dextrose and Sodium Hydroxide by Noting the Effect of 
Dextrose on the Rate of Saponification of Ethyl Acetate by 
Sodium Hydroxide. 


Ethyl acetate is saponified by alkalis in aqueous solutions 

according to the equation 
CH;°CO,°C,H, + *OH’=CH,°CO,’ + C,H,;-OH, 

and the rate of saponification is dependent on the concentration 
of the hydroxyl ions and on the concentration of the ethyl 
acetate. If the concentration of the hydroxyl ions is reduced, the 
rate of saponification will be reduced accordingly, so that if the 
rate of saponification of ethyl acetate by sodium hydroxide is found 
to decrease on the addition of dextrose to the mixture, the con- 
clusion may be drawn that a portion of the hydroxyl ions has been 
removed as such to form a compound with the dextrose added. 
Madsen carried out such experiments at several different tempera- 
tures, using three sugars, namely, sucrose, dextrose, and levulose, 
and calculated the hydrolysis constant for each experiment. 

According to the law of mass reaction, K, the hydrolysis 
constant for the reaction under examination, is given by the 
equation 

k = OH’) [dextrose] ; 

[sodium dextrosate] 
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The author’s experiments were carried out with dextrose and 
sodium hydroxide, the temperature being 25° throughout. The 
velocity of saponification was calculated for a reaction of the second 


order. 


TaBLeE I. 
Concentra- Concentration Concentration 

tion of of ethyl of Degree of 
dextrose. acetate. NaOH. k. hydrolysis. RK. 

-— 0-0100 0-0125 0-0244 — — 
0-00625 0-0100 0-0125 0-0208 85 0-0243 
0-0125 0-0100 0-0125 0 0171 70 0-0204 
0-0250 0-0100 0-0125 0-0135 55 0-0239 
0-0500 0-0100 0-0125 0-0085 35 0-0219 


where k=velocity (of saponification) constant and concentrations 
are expressed in terms of normality. Madsen’s corresponding 
value for K was 0°02326 at 27°91°. 

This series of experiments indicates clearly that combination 
occurs between dextrose and sodium hydroxide, but the following 
experiments on the electrical conductivities of the solutions go 
further, and prove that the two substances unite in equimolecular 
proportions. 


Detection of the Formation of Compounds between Dextrose and 
Laevulose and Sodium Hydroxide and Potassium Hydroxides 
by the Conductivity Method. 


The formation of a compound in a solution containing dextrose 
and sodium hydroxide was detected by observing the changes in 
conductivity brought about by gradually increasing the concentra- 
tion of dextrose in the solution. As the relative amount of dex- 
trose was increased, the conductivity fell gradually until a point 
was reached where the decrease suddenly became much less marked. 
This sudden change in the rate of decrease occurred when the 
solution contained dextrose and sodium hydroxide in equimolecular 
proportions. 

Materials used.—The dextrose and levulose employed in all the 
following determinations were the purest obtainable, and were 
dried in a vacuum before weighing. The solutions of sodium 
hydroxide were prepared by dissolving stick sodium hydroxide 
(from alcohol) in water until the solution became sufficiently con- 
centrated to cause any sodium carbonate present as an impurity 
to separate. The solution was then allowed to settle, and the 
supernatant liquid drawn off. Solutions of potassium hydroxide 
were prepared in a similar manner. The electrical conductivities 
obtained for these solutions indicate the high degree of purity 
reached. The solutions for experiment were prepared by mixing 
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equal volumes of solutions, which were of twice the concentration 
desired in the final solution. All the measurements were made 
at 25°. 

Method.—The method of determining the conductivities of the 
various solutions was the usual one, involving the use of the 
Wheatstone bridge, the equilibrium point being determined by 
means of a telephone. The cell used was one specially designed 
for solutions of high conductivity. 

The specific conductance of the solution is given by 

: a 


where X is the value of the cell constant, R the resistance intro- 
duced (expressed in ohms), and / the point on the bridge at which 
the minimum sound is produced in the telephone. The molecular 
conductivity is kf, where ¢ is the volume in c.c. containing one 
gram-molecule. The value of the cell constant was 9°546. 


Taste IT. Tasie III. 
Dextrose and N-Sodium hydroxide. Dextrose and N/2-Sodium hydroxide. 
Molecules of Molecules of 
dextrose per dextrose per 
molecule of NaOH. kx 10%. molecule of NaOH. kx 10%. 
2-0 1-68 4-0 0-96 
1-5 2-35 3-0 1-29 
1-0 3°33 2-0 1-73 
0-5 8-49 1-0 3-00 
0-25 12-38 0-5 5-46 
0 17°40 0-25 7-35 
0-0 9°56 


Similar series of experiments were then carried out using 
potassium hydroxide in place of sodium hydroxide. 


TaBLe IV. TABLE V. 
Dextrose and N-Potassium | Dextrose and N/2-Potassium 
hydroxide. hydroxide. 
Molecules of Molecules of 
dextrose per dextrose per 
molecule of KOH. kx 10%. molecule of KOH. kx 10%. 
2-0 2-513 4-0 1-414 
1-5 3-54 2-0 2-27 
1-0 5-40 1-5 2-77 
0-5 10-75 1-0 3-487 
0-25 14-9 0-5 5-36 
0-0 20°3 0-0 10°91 


_ Finally, series of experiments were carried out using levulose 
in place of dextrose. 
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TaBLe VI. TasLe VII. 
Leevulose and N/2-Sodium 
Levulose and N-Sodium hydroxide. hydroxide. 
Molecules of Molecules of 
levulose per levulose per 
molecule of NaOH. kx 10%. molecule of NaOH. kx 10%. 
2-0 1-606 2-0 1-674 
1-5 2-219 1-5 1-977 
1-0 3-488 1-0 2-773 
0-5 8-20 0-5 5-306 
0-25 12-16 
TasLe VIII. 


Levulose and N/2-Potassium hydroxide 
Molecules of levulose 


per molecule of KOH. kx 10? 
2-0 2-441 
1-5 2-835 
1-0 3-850 
0-5 6-600 


The significance of these results is best realised by an examina- 
tion of the corresponding curves (Figs. 1, 2, and 3), which all 
show a sharp break at the point corresponding with a solution 
containing one molecule of the hexose per one molecule of the 
alkali, and this fact definitely points to the formation of com- 
pounds between the two substances in that proportion. The 
general statement may therefore be made that dextrose and 
levulose unite with sodium and potassium hydroxides to form 
compounds containing the substances in equimolecular proportions. 
The equation for the reaction between dextrose and sodium 
hydroxide may therefore be written 

C,H,,0, + NaOH=C,H,,0,Na+ H,O, 
as it is generally given. 

In the case of all carbohydrates, whether aldoses or ketoses, and 
irrespective of the number of carbon atoms, salt formation with 
alkali hydroxides takes place at the carbon atom adjacent to the 
carbonyl group 

*CH(OH)-CH(OM):CO-, 
where M is a monad, so that for dextrose and sodium hydroxide 
the compound formed would be: 


NaO-CH 
| 
ao CH-OH ~~ 0 
CH:ONa / 
: . CH:-OH ~ 
= or, using the y-oxide formula |; ~~ 
[CH-OH], jt 
¥ ‘ | 
CH,"OH OH-OH 


| 
CH,-OH 
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(2) The Velocity of Decomposition of Dextrose and Laevulose 
by Alkalis. 


: When dextrose or levulose was heated with an excess of alkali 
at 50°, about 90 per cent. of the sugar was found to have dis- 


Fre. 1. Fia. 2. 


! 
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Molecules dextrose per molecule NaOH. Molecules dextrose per molecule KOH 


. Fic. 3. 


9 


Molecular conductivity of alkali x 10°. 


0 0-5 1 15 20 
Molecules laevulose per mol. alkali. 


appeared after twenty-four hours. The rate of this decomposition 
was followed by observing the gradual change in volume which 
occurred as the reaction proceeded. 
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The change of volume was observed by the use of a delicate 
dilatometer, the scale readings obtained extending over a fairly 
large range (5 to 20 cm.). As the result of a few preliminary 
experiments, 50° was found to be a very suitable temperature at 
which to work, so that this temperature was accordingly main- 
tained throughout. A Beckmann thermometer was employed, and 
the temperature was not allowed to vary more than 0°002° from 
the correct value. All the solutions, after mixing, were quickly 
boiled under reduced pressure for one or two seconds in order to 
expel all dissolved air, which would otherwise have interfered with 
the accuracy of the readings. 

Dilatometers—Two dilatometers were used, which had the 
following dimensions : 


1. 2. 
Volume of bulb to a mark at the bottom of . 

CD CREAT occcsccccccccccccccccsccccsveccsessooes 15-89621 c.c. 17-68073  c.c. 
Volume of the capillary — ..........scceeeseeeees 0-38771 c.c. 024396 c.c. 
Length of the capillary ...............sceceeeeeees 41-70 em. 24-00 em, 
Linear equivalent of one scale division......... 0-04195 cm. 0-0667 cm. 
Cubic equivalent of one scale division......... 0-00039 c.c. 0-000678 c.c. 


The velocity constants for the reaction were calculated for a 

reaction of the first order, 
_ 3S tog. 4a 
t (a — x) 

where a is the initial concentration of the sugar undergoing decom- 
position and « is the amount decomposed in the time ¢. In making 
the calculations, the scale readings were inserted in the equation, 
but the actual changes in volume have been inserted in the first 
three tables to show their magnitude. 

The experiments with dextrose are grouped in three series, in 
the first two the concentration of the sugar being constant, and 
in the third that of the alkali being constant. 


First Series. 


TasLe IX. 
Dextrose, 0-40N ; Sodium hydroxide, 1-04N. 
Volume, 

é°. Scale reading. C.c. kx 10%, 
— 48 17-71327 — 

5 62 17-72276 1-16 
15 88 17-74039 1-17 
29 118 17-76074 1-14 
51 156 17-78649 1-11 


297 17-88209 — 


santeanniitiitnalite 
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kx 10°. 


5-23 
5-23 
5-17 
4:3 


kx 10% 


4-98 
4-98 
4-50 
4-39 


TABLE X. 
Dextrose, 0-40N; Sodium hydroxide, 0-50N. 
Volume. 

t°. Seale reading. C.c. 

-- 145 15-83966 

19 180 15-85330 

32 202 15-86189 

58 241 15-87709 
288 406 15-94141 

e 515 15-98396 

TaBLeE XI. 
Dextrose, 0-40N; Sodium hydroxide, 0-25N. 
Volume. 

. Seale reading. c.c. 

— 54 17-71735 

15 69 17-72752 

23 76 17-73217 

50 95 17-74515 

83 116 17-75940 

- 257 17-85498 


For some of the experiments the velocity constants were calcu- 
lated for a reaction of the second order, but the results obtained 
were not appreciably better than those calculated for a reaction 
of the first order, so that the latter were retained. 


Second Series. 
TABLE XII. 


Dextrose, 0-20N ; 
Sodium hydroxide, 1-04N. 


t. Seale reading. kx 10°. 


oes 61 eins 
24 9: 1-57 
46 L115 1-64 
72 131 1-61 
133 150 1-55 
es 163 o_o 
TABLE XIV. 


Dextrose, 0-20N ; 
Sodium hydroxide, 0-26N. 


i®. Seale reading. kx 10°. 


17 69 4-22 

58 84 4-23 
126 103 4-13 
221 121 3-97 

ey 163 _ 


e. 


t°. 
20 
92 
143 
196 


wo 


TABLE 


XIII. 


Dextrose, 0-20N ; 


Sodium hydroxide, 0-52N. 


Seale reading. k x 10°, 


50 — 
58 9-3 
84 9-2 
109 8-9 
126 8-7 
177 — 
TABLE XV. 


Dextrose, 0-20N ; 
Sodium hydroxide, 0-13N. 


Seale reading. kx 10°. 
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Third Series.—Two tables in this series have already been given. 


Sodium 
Table. Dextrose. hydroxide. kx 10. 
9 0-40N. 1-04N. 1-15 
12 0-20N. 1-04N. 1-60 
TaBLe XVI. TaBLe XVII. 
Dextrose, 0-10N ; Dextrose, 0-05N ; 
Sodium hydroxide, 1-04N. Sodium hydroxide, 1-04N. 
t®. Seale reading. kx 10°. t®. Scale reading. kx 10%. 
— 56 am one 35 =~ 
6 63 1-73 10 40 2-05 
21 78 1-76 27 47 2-17 
33 87 1-74 51 53 2-15 
89 112 1-74 83 57 2-03 
ws 127 te i 62 —_ 


When the values of the velocity constants for the preceding 
experiments were tabulated, it was seen that for the first and 
second series, as the concentration of the sodium hydroxide was 
decreased the velocity of reaction also decreased until the concen- 
tration of the sodium hydroxide and dextrose were about equal, 
but that after that point, on further decreasing the concentration 
of the sodium hydroxide, the effect on the velocity of reaction was 
considerably lessened, and in one case the velocity was not affected 
even when the concentration of the sodium hydroxide was halved. 
For 0°4N-dextrose the figures are: 


Sodium 
Dextrose. hydroxide. k. 
0-4N 1-04N 0-O115 
0-4 0-50 0-005 
0-4 0-25 0-005 


and for 0°2N-dextrose as follows: 


Sodium 
Dextrose. hydroxide. k. 
0-2N 1-04N 0-0160 
0-2 0-52 0-0091 
. 0-2 0-26 0-0042 
0-2 0-13 0-0040 


It would be hard to explain why the velocity of reaction should 
remain constant after a particular dilution of the sodium 
hydroxide is reached, and it could only be concluded that the 
equation employed to calculate the velocity constant was not suit- 
able for the reaction involved. 

It has been shown that dextrose and sodium hydroxide unite to 
form a compound in equimolecular proportions, but that this com- 
pound is largely dissociated into its component parts by hydro- 


—s 


en ns 
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lysis, and from the results of the preceding experiments it is clear 
that the velocity of reaction does not depend directly on the con- 
centration of the dextrose in the solution, but seems to depend 
to a certain extent on the concentration of the sodium 
hydroxide. However, only the concentration of the total sodium 
hydroxide has, so far, been given, and a certain amount of this, 
being bound with dextrose, is therefore not likely to be acting as 
a dissociating agent, since, when sodium enters the dextrose mole- 
cule, the hydroxyl of the sodium hydroxide combines with 
hydrogen to form water, and is therefore no longer present as such 
in the solution. If the decomposition proceeds through free 
dextrose only, and is dependent on the concentration of the 
hydroxyl ions in the solution, in order to determine the correct 
velocity constant it becomes necessary to calculate the amount of 
free dextrose in the solution, and to use this value instead of con- 
sidering that the whole of the dextrose in the solution enters into 
the reaction, as has been done in calculating the constants already 
given. 

The amount of free dextrose was calculated from the equation 

KC,=CC,, 

where C,, C, and Cy, are the concentrations of the sodium hydr- 
oxide, dextrose, and the compound respectively. The dissociation 
constant, A, was taken as 0°0425 (50°), this figure being calcu- 
lated from Madsen’s values at various temperatures (loc. cit.). 

Another point to be considered is that as the reaction proceeds 
it becomes more complex, owing to the products of the reaction 
themselves being further acted on, and it was therefore considered 
that a truer indication of the velocity of reaction between dextrose 
and sodium hydroxide would be obtained by considering only those 
changes in volume which occurred in the initial stages of the 
decomposition. In order to do this, it became necessary to employ 
the differential rather than the integral form of the equation of 
the first order, and the following constants were accordingly 
calculated from the formula: 


_1 do 
C’ dt’ 
where C is the concentration of the free dextrose and dv the 


change in volume representing the amount of decomposition 
occurring in the time d¢. 
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TasLe XVIII. 


Dextrose. Sodium dextrose. 

Total. Free. Total. Free, dv/dt. k. 
0-1N 0-0043N 1-:04N 0-9443.N 1-1 256 
0-2N 0-107N 0-13N 0-037N 0-2 1-9 
0-2N 0-054N 0-26N 0-114N 0-4 7 
0-2N 0-023N 0-52N 0-343N 1-1 48 
0-2N 0-010N 1-04N 0-850N 1-8 180 
0-4N 0-077N 0-50N 0-177N 1-4 18 
0-4N 0:024N 1-04N 0-664N 2-8 117 


If the values of & are arranged in order of decreasing concentra- 
tion of the free hydroxyl ions (that is, free sodium hydroxide), it 
will be seen that they also are in decreasing order: 

Free NaOH... 0-9443 0-850 0-664 0-343 0-177 0-114 0-037 
Me sewees 256 180 117 48 18 7 1-9 
Complete concordance in these results is obtained even when 

passing from series to series, and it was therefore considered that 

this method of calculating the velocity of reaction is the most 
suitable one, and that the velocity of reaction depends directly 
on the concentration of the free hydroxyl ions in the solution. 

It also seems clear that the combined dextrose does not, as such, 


enter the reaction. 


Decomposition of Dextrose by Barium and Calcium Hydrowxides. 


When dextrose was added to a solution of barium hydroxide, 
decomposition resulted, and the barium salts of some of the 
organic acids formed were precipitated. This precipitation, pro- 
ceeding throughout the reaction, continually altered the equil- 
ibrium of the mixture, but the dilatometric method of observing 
the velocity of reaction was found to be still applicable. The 
mean value of the velocity constants obtained for one such experi- 
ment is shown, together with that for the corresponding experi- 
ment with sodium hydroxide for comparison : 


Dextrose. Alkali. k. 
0-2N 0-13N-NaOH 0-0040 
0-2N 0-15N-Ba(OH), 0-0050 (approx.) 


With dextrose and calcium hydroxide, the results showed that 
a reaction takes place similar to that obtained with sodium and 
barium hydroxides, and that it proceeds at much the same rate. 


Decomposition of Laevulose by Sodium Hydroxide. 


Experiments were carried out with levulose and sodium 
hydroxide similar to those made with dextrose and sodium 


‘tage’ 


caves 


ai a 
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hydroxide, and similar concentrations were employed, so that the 
results are directly comparable. 


TaBLE XIX. TABLE XX. 
Levulose, 0-20N : Levulose, 0-20N ; 
Sodium hydroxide, 1-03N. Sodium hydroxide, 0-52N. 

t°. Scale reading. kx 10°. t°. Scale reading. kx 10*. 
— 52 — —- 183 —- 
13 70 1-76 13 207 1-03 
20 78 1-75 20 218 1-01 
42 95 1-60 42 245 0-93 
65 106 1-46 65 266 0-87 
i 140 oi ve 375 ane 
TaBLE XXI. TaBLE XXII. 
Levulose, 0-20N ; Levulose, 0-20N ; 

Sodium hydroxide, 0-26N. Sodium hydroxide, 0-13. 
t°. Seale reading. k 10°. t°. Seale reading. k x 10°. 
— 78 —- — 129 —_— 

7 82 5-0 17 137 4-6 
23 90 4-7 23 140 4-7 
55 102 4-2 39 145 4-2 
86 113 4-1 71 156 4-1 
= 195 — @ 236 — 


From these results, there seems to be only a very slight differ- 
ence between this reaction and that which proceeds between 
dextrose and sodium hydroxide. This is a most important point, 
seeing that dextrose is an aldehyde, whilst levulose is a ketone ; 
the fact that alkalis decompose them both at approximately the 
same rate suggests that the molecules of the two substances are 
not, as such, attacked by alkalis, but first undergo a change into 
a common form, and the presence of this common form in the 
solution, starting from either sugar, would account for the same 
rate of decomposition being obtained in each case. Otherwise, 
these velocities of reaction could hardly be expected to agree so 
closely. 

As already stated, when an alkaline solution of any of the 
three sugars, dextrose, levulose, or mannose is prepared, the sugar 
undergoes an isomeric change, resulting in the production of an 
equilibrium mixture of all three sugars. It was found by Le 
Bruyn and Alberda van Ekenstein that, starting with a 25 ver 
cent. solution of each sugar, the equilibrium mixture contained 
the three sugars in the following proportions: 


Starting with 


Dextrose. Levulose. Mannose. Mean. 
eee 44 33 25 33 
Leevulose ..........-- 25 36 27 30 
Mannose _.........0+ 6 7 25 13 
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From these figures, it seems that the tendency is for dextrose 
and levulose to be formed in about equal proportions, together 
with a somewhat smaller amount of mannose. Wohl (Ber., 1900, 
33, 3093) considered this change to be due to conversion into the 
enolic form common to all three sugars, and it is possible that 
the decomposition with alkalis occurs while the sugars are in this 
form, although it may be that decomposition proceeds through 
mannose, which has been shown to be formed in about equal 
amounts for the two sugars dextrose and levulose. In either case, 
the similar rates of decomposition obtained for the two would be 
satisfactorily explained. 

It has been shown that a solution containing 100 grams of 
dextrose and 5 grams of calcium hydroxide in 400 c.c. of water 
(approximately 1°5N-dextrose and 0°3N-calcium hydroxide) is 
transformed in a few hours at 70°, so that in the solutions experi- 
mented upon, if decomposition proceeded through one of the 
transformation products, that substance would be formed at a 
sufficiently high rate to give the velocities of reaction experiment- 
ally obtained. 

Summary. 

(1) The use of the dilatometer was found to be very satisfactory 
for determining the velocity of reaction between dextrose or 
levulose and various alkalis. 

(2) Dextrose and levulose unite with alkalis (sodium and 
potassium hydroxides) in equimolecular proportions to form com- 
pounds. These compounds are largely dissociated into their com- 
ponents again by water. The degree of hydrolysis of the dextrose 
and levulose compounds is of the same order of magnitude. 

(3) The rates of decomposition of dextrose and levulose by 
sodium hydroxide are equal. This equality is probably due to a 
rapid preliminary decomposition of these sugars into another sub- 
stance, which then decomposes at a slower rate to form salts of 
various acids. 

(4) The velocity-coefficient for the decomposition of dextrose by 
alkalis depends very little on the concentration of the free 
dextrose; it depends on the concentration of the free hydroxyl 
ions, although it is not exactly proportional to this. 

(5) With an excess of alkali, about 90 per cent. of the sugar 
disappeared after prolonged heating at 50°. 


In conclusion, I wish to express my thanks to Professor C. E. 
Fawsitt for his advice throughout this work. 
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CL.—The Formation of Heterocyclic Compounds from 
Cyanoacetamide and Hydroxymethylene Ketones. 
Part I. 


By Hemenpra Kumar Sen-Gupta 


AuttHoucH hydroxymethylene-ketones have been known for a long 
time, the application of their properties to the syntheses of various 
classes of compounds, except in the few cases studied by Claisen 
himself, has generally been overlooked. No doubt this may have 
been due, in a great measure, to the small number of ketones in 
the aliphatic or aromatic series suitable for the isolation of 
hydroxymethylene derivatives, as, generally, hydroxymethylene- 
ketones of the formula R-CO-CH:CH-OH (derived from ketones 
of the type R-CO-CHs, which form the majority of those avail- 
able) undergo condensation when their sodium salts are acidified 
to obtain the free hydroxymethylene derivatives. Thus, on acidify- 
ing the sodium salt of hydroxymethyleneacetone, Claisen obtained 
triacetylbenzene (Ber., 1888, 21, 1145). 

Advantage, however, was taken by Claisen of the readiness with 
which acetoacetic ester, malonic ester, and acetylacetone give 
ethoxymethylene derivatives when heated with ethyl orthoformate 
in the presence of acetic anhydride; and these ethoxymethylene 
derivatives condense with 8-ketonic esters to give ‘“‘methenyl”’ 
derivatives of various kinds, which can be further converted into 
pyridine compounds by the action of ammonia. As §-diketones 
and 8-ketonic esters are tolerably numerous, even with a limited 
number of ethoxymethylene-ketones, the possibility of synthesising 
different classes of substances is considerable. In general, how- 
ever, ethoxymethylene compounds are not available in any large 
quantity for synthetic purposes on account of the cost of their 
production, nor can Michael’s reaction be applied to free hydroxy- 
methylene-ketones to obtain “methenyl” derivatives, owing to 
their acid properties. It was therefore thought that Knoevenagel’s 
reaction might be applied to free hydroxymethylene-ketones to 
attain similar results. The use of Knoevenagel’s reaction is gener- 
ally understood to be restricted to the condensation of ketonic or 
aldehydic groups with the methylene carbon atom situated between 
two electronegative groups, but in the light of the results obtained 
during the present investigation, it would appear that diethyl- 
amine or piperidine (Knoevenagel’s reagents) brings about the 
same kind of reaction as is expected from Michael’s. This state- 
4 Q* 2 
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ment, as applied to the condensation of hydroxymethylene-ketones 
with cyanoacetamide, is particularly instructive, as it indicates the 
superior reactivity of the ethylenic linking in a conjugated double- 
bonded system of the types: 


R R 
! 
H—CH—CH—O—O OH—CH—cH—C=0 


a 


(v)  * (y-) 

No distinction is observed between the two types with reference 
to their respective reactivity with a substance like cyanoacetamide, 
although in one case (in the case of y) the presence of the hydroxy- 
group may be expected to have some influence in changing the 
course of the reaction by condensing the amido-group of cyano- 
acetamide with the hydroxyl group in (y). Asa matter of fact, 
both (#) and (y) condense with cyanoacetamide in the same way, 
addition of the methylene group to the ethylenic linking taking 
place first. Thus, the condensation of hydroxymethylene-ketones 
with cyanoacetamide furnishes very satisfactory evidence in sup- 
port of the truth of a conception, which is more or less being 
recognised, that under certain conditions the ethylenic linking is 
more reactive than the carbonyl in a conjugated double-bonded 
system (Harries and Lellmann, Ber., 1897, 30, 230, 2726; Harries 
and Jablonski, Ber., 1898, 31, 1371). This is the case whether one 
uses sodium ethoxide (Michael’s reaction) or diethylamine 
(Knoevenagel’s reagent) as the condensing agent. 

The present paper deals mainly with the condensation of 
hydroxymethylene-cycloketones with cyanoacetamide, as the former 
are more readily available, and give rise to condensed heterocyclic 
compounds having the benzene ring, and not, as usual, the pyridine 
ring, fully reduced. Hence the condensation products are rather 
peculiar, being the first ones of their kind. 

The original expectation was to obtain reduced isoquinoline 
derivatives according to the scheme: 


CH, CH, 
cH ° *Sco CHAON). 
hs a + CO = 
CH,—C¢ a? 
\CH-OH 2 
CH,-CH 
cH ° *Sc:c(ON 
\cu,—e¢ co +2H,0 


and for a time it was difficult to decide as to whether the con- 
densation takes place as above, or according to.the equation 
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CH,-CH 
cH * “Sco, Oe 
OH,—(\% tie 
> "Non-on _CH(CN) 


C “N 
‘ CH, —C¢ eo + 2H,0, 
CH-CH(CN) 
which requires the condensation products to be quinoline deriv- 
atives. Investigation has proved that the reaction proceeds as in 
the second equation, indicating the enhanced reactivity of ethylenic 
linking in a conjugated double-bonded system with reference to 
substances like cyanoacetamide, cyanoacetic ester, etc. 

In the literature which has special reference to the chemistry 
and condensation of hydroxymethylene-ketones, the work of Errera 
is the only instance of the condensation of ethoxymethylene- 
ketones with cyanoacetamide (Ber., 1900, 33, 2969). His reactions 
were, however, carried out in the presence of sodium ethoxide 
(Michael’s reaction), and as such the constitution of the condensa- 
tion products was clearly established. Later, Simonsen (T., 1908, 
93, 1022) condensed several ethoxymethylene derivatives with 
B-ketonic esters, and as the result obtained ethyl 6-methyl-2-pyrone- 
3: 5-dicarboxylate, which, on being treated with ammonia and 
subsequently hydrolysed, gave the same 6-hydroxy-a-picoline as was 
obtained by Errera, in accordance with the following scheme: 


CMe CMe 

. arn an 
cHyCO¢-co,ke 4, FONMs NS G-00,Rt N CH 
CH-OEt : — CO CH —> OH-C CH 

\ 

CH-CN % 
6-Hydroxy-a- 

picoline. 

7 


1y7 ZC(CO,Et)—CO C(CO,N H,)-CO 
CH one BH : 

<(co;Rt):ome?? “Ss CH<E(Go%R) OMe NH 
(Ethyl 6-methyl-2-pyrone- 

3 : 5-dicarboxylate. ) 
Simonsen’s experiment is significant from the point of view of the 
present investigation, as, from the type of condensation, the con- 
stitution of ethyl 6-methyl-2-pyrone-3: 5-dicarboxylate is con- 
clusive, which further establishes the constitution of Errera’s 
condensation products. As Errera’s products have been obtained 
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in the course of the present work by means of diethylamine, 
ammonia or piperidine, the influences of the condensing reagents 
in directing this type of reaction must be taken to be alike. 

Reference should be made to the work of Guareschi, who con- 
densed acetylacetone with ethyl cyanoacetate in the presence of 
ammonia (Atti R. Accad. Sci. Torino, 1893, 28, 330, 836). Moir 
(T., 1902, 81, 100), who thoroughly investigated this particular 
compound, and established very satisfactorily the difference 
between this and the product obtained by Holtzwart (J. pr. 
Chem., 1889, [ii], 39, 329) from diacetonitrile, explained the 
mechanism of the reaction as below: 


COMe COMe COMe 
CH +NH, —+ CH ; CH + 
CMe-OH UMe-NH, CMe:NH, 
Acetyl- Acetyl- 
acetone. acetonamine. 
CMe 
CH,CN NN 
co —_ CH “CN 
NH, CMe CO+ NH, 
a 
NH 


According to him, the first part of the action involves the forma- 
tion of cyanoacetamide and acetylacetonamine, which then react 
with each other to give the closed ring, as shown above. Moir, 
however, noticed the possibility of expressing the reaction in 
another way, dependent on the addition of the methylene group of 
cyanoacetamide to the double bond, due to the enolisation of 
acetylacetone. This brings the condensation of acetylacetone with 
cyanoacetamide under the same type of reaction as forms of the 
subject-matter of the present communication, as hydroxymethylene- 
ketones are only permanently enolised B-diketones. Moir rejects 
the second scheme, on the ground that on heating acetylaceton- 
amine with cyanoacetomethylamide, the sole product of the re- 
action was the V-methyl derivative of I, whereas, according to the 
second scheme, no cyclic compound should at all be formed. If 
Moir’s explanation be, therefore, taken as general, the condensation 
products described in the following pages should be isoquinoline 
derivatives (but the fact is otherwise), and the hydroxypicoline of 
Errera should not be identical with the hydroxypicoline described 
by Simonsen (loc. cit.). As, however, pure quinoline has been 
obtained by distilling a simplified derivative of the compound 
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NOH, —C¢ _. CO 
CH-CH(CN) 

with zine dust, and as Simonsen’s hydroxypicoline has been found 
to be identical with that described by Errera, it can only be sug- 
gested that Moir‘s statement is by no means general. Of signifi- 
cance, however, is the extension of Moir’s hypothesis to the con- 
densation of cyanoacetomethylamide with B-ketones and f-ketonic 


esters of the types: 
CH,-—-CH, 


ay —CH,— 
CHS On?-C(:CH- OHO CHy<on?-cH ace? 


(a.) @) 
_ oH! cE -CH(CO, (C0, 8130 
(c-) 
With cyanoacetomethylamide, (a2) and (c) can only give V-methy]- 
isoquinoline derivatives, whereas (6) can yield both ¢soquinoline 
and quinoline derivatives, whether it is condensed wth cyano- 
acetamide or cyanoacetomethylamide, according to which of the 
ketonic groups is enolised. In order to test this idea, the con- 
densation of acetyleyclohexanone with cyanoacetamide has been 
tried, but it has not yet been possible to ascertain whether the 
product is quinoline or an isoquinoline derivative. There is no 
reason, however, to believe that it is a mixture of the two, as both 
the parent substance and its hydrolysis product seem to be pure. 
When hydroxymethylenecyclohexanone is condensed with cyano- 
acetamide in dilute alcoholic solution in the presence of diethyl- 
amine or piperidine, two products are obtained, which differ from 
each other by a molecule of water. Assuming that it is the quino- 
line structure that holds in these cases, the two products may be 
represented as below: 


CH,-CH, 
CHS Sco. NH 
"NOH, —0¢ + onycny ©? = 
Cl-OH 
CH,-CH 
OH, *o(0H)--NH 
\ow,—o< Sco + H,0 
\ F ales 
\\CH-CH(CN) 
(I1.) #20 
CH,-CH 
—<”- =S==N 
OH, —C¢ Yeo 
CH-CH(ON) 


| 
| 
| 
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As the condensation product II does not evolve ammonia on boil- 
ing with alkali, there is no reason to suppose that it may be the 
amide, 


H CH 
CH,<ORt-0[:0H-CH(CN)-0O-NH, > 


which obviously has the same percentage composition. Besides, 
both II and III dissolve in alkali hydroxide, forming a colourless 
solution, and are precipitated unchanged by acids. On hydrolysis 
by sulphuric acid, both give the same acid, which indicates that 
there is no intrinsic structural difference between the two, and 
that only in one case the aldol phase still persists. 

The reasons which have led to the conclusion that the condensa- 
tion product is a quinoline, and not an #soquinoline, derivative, 
are: 

(1) On hydrolysing the condensation product, an acid is obtained 
which loses carbon dioxide on melting, giving a simple quinolone 
derivative : 


2 
OH, So N. er 
"NCH, —0¢ yo Ses 
\oH-CH(ON)” 
OH,-CH, 
CH O : 
Roe ol N\co 
ws \ ea 
OH-CH(CO,H) 
CH,-CH 
cH >” *\o==n 
CH,—C¢ CO. 
CH-CH,/ 


This quinolone derivative (having the benzene ring fully reduced) 
yielded, on distillation with zinc dust in a current of hydrogen at 
a low red heat, quinoline mixed with varying quantities of reduced 
quinoline. On redistilling the mixture over heated litharge, pure 
quinoline itself was obtained, which was identified by its 
methiodide and picrate. 

(2) On condensing the acetate of hydroxymethylenecyclo- 
hexanone with sodium cyanoacetamide in absolute alcoholic 
suspension, a condensation product was obtained which was 
identical with ITI. 

(3) When 3-methylhydroxymethylenecyclohexanone is condensed 
with ethyl cyanoacetate in the presence of diethylamine, the pro- 


duct is an ester, which may have either of the following constitu- 
tions : 
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CHMe——CH, 


(IV.) CHMe CH 
CH;<oq,-C{:CH-CH(CN)-CO,Et}> O° 
(V.) 


The substance is insoluble in alkali, a fact which seems to point to 
the structure V, unless it is supposed that the absence of the 
ketonic group (which has entered into reaction, as in IV) has 
reduced the hydroxymethylene group into the state of a mere 
alcohol, or it may have passed over to the ketonic form, yielding 
the aldehyde, 
CH<GH,-CH{CHOFPCC(CN):CO,EE. 

No alcoholic or aldehydic group could, however, be detected in the 
compound. Further, if IV represented the real constitution of 
the substance, it would mean that in a system 


o==e, 
—C. CO,Et, 
\cHOH 


the hydroxy-group and the carbethoxy-group could remain as they 
are, without closing the ring (compare coumalic esters). As a 
matter of fact, the extreme readiness with which such a grouping 
yields the lactone accounts for the absence of hydroxymethylene 
glutaconate or hydroxymethylene §-methylglutaconate, which, 
although formed in the cold, readily passes into the expected 
coumalic ester. Hence, under the condition of the experiment (see 
experimental part), if the condensation had really taken place 
according to IV, the product should be obtained as a lactone, and 
not as an ester. It is therefore concluded that the condensation 
of 3-methylhydroxymethylenecyclohexanone with ethylcyanoacetate 
takes place as in V. Accepting, therefore, the constitution V for 
the condensation product, one would expect that in the course of 
the hydrolysis of the cyanogen group, the intermediately formed 
group *‘CO-NH, would close up the ring, giving the same acid as 
is obtained from the compound 


CHMe: 

ail MeCHy 

NCH; ——0¢ CO. 
CH-CH(CN)” 


As a matter of fact, this is the case. This illustrates very clearly 
how readily this ring is closed when there is a chance of ring- 
formation, and therefore furnishes another argument against the 
structure IV, in which there are all the conditions necessary for 
ring closure, 
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These arguments leave no doubt that the condensation products 
are quinoline derivatives. It would appear, therefore, as a neces- 
sary deduction that in a conjugated double-bonded system the 
ethylenic bond is more reactive than the carbonyl in respect to 
substances like cyanoacetamide or cyanoacetic ester. Since un- 
saturation may be supposed to be the real reason for such addition 
reactions, a simple Knoevenagel reaction is accordingly a par- 
ticular case of Michael’s universal reaction, and when ketones or 
aldehydes condense with cyanoacetic ester or cyanoacetamide, the 
unsaturation may be sought for either in the ketonic group itself 
(C=0), or it may be set up between two carbon atoms, due to the 
temporary enolisation of the carbonyl group. To explain, how- 
ever, the superior reactivity of the ethylenic bond in a conjugated 
system, one has to assume that an unsaturation between two carbon 
atoms is more reactive than that between a carbon atom and 
oxygen, and that in the presence of an ethylenic linking in a- and 
B-positions with reference to the carbonyl, the ketonic group 
scarcely enolises to give rise to a second ethylenic bond. Both 
these assumptions are highly probable. 

It remains to be noted that the use of different condensing re- 
agents is of no consequence in controlling the direction of the 
reaction studied in these pages, and, as a matter of fact, Hann 
and Lapworth (T., 1904, 85, 47) are of the opinion that 
Knoevenagel’s theory as to the formation of intermediate com- 
pounds of the ketone or the aldehyde with two molecules of a 
secondary amine is entirely unnecessary, for these authors have 
found “that, contrary to general belief, tertiary bases, if suffici- 
ently powerful, are effective in bringing about the condensation, 
and there can be no doubt that the efficiency of a base depends 
mainly on its strength; thus, whilst pyridine scarcely acts at all, 
trimethylamine and tripropylamine in small quantities give good 
results, although they are not by any means so rapid in their 
action as the secondary bases, which are more powerful.” 


ExPERIMENTAL. 


Condensation of Hydroxymethylenecyclohezanone with Cyano- 
acetamide. Formation of  3-Cyano-9-hydroxyoctahydro-2- 
quinolone (II) and of 3-Cyanohexahydro-2-quinolone. 


Cyanoacetamide (84 grams) was dissolved in water (about 
30—35 c.c.) by warming, and freshly prepared hydroxymethylene- 
cyclohexanone (12°6 grams) added, with just enough alcohol to 
effect the solution. Piperidine or diethylamine (2 c.c.) was next 
added, the flask being corked and left at a temperature of about 
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35°. The colour of the solution, which on the addition of the 
condensing reagent was faintly yellow, soon deepened to red, and 
in the course of an hour the precipitation of the condensation 
product commenced. The next morning about 10 grams of the 
condensation product were collected. The mother liquor was again 
left for a further deposition, and at the end of two days 2°5 grams 
more of it were obtained. 

The product is generally slightly coloured, and it is expedient, 
therefore, to boil its acetic acid solution with animal charcoal. 
The colourless, crystalline material obtained from this solution by 
the addition of water does not possess a sharp melting point, as it 
is a mixture of two substances, of which one contains a molecule 
of water more than the other (see p. 1351). As their solubility is 
almost of the same order, it is very difficult to separate them. 
Repeated fractional crystallisation from acetic acid, however, gives 
a product which does not melt even at 290°, and the numbers 
obtained by analysing two samples from two distinct preparations 
correspond with the composition represented by IT.: 

-0°1237 gave 0°2834 CO, and 0°0703 H,O. C=62°3; 

| 0°1349 gave 17°4 c.c. N, at 14° and 745 mm. N=14'88. 

( 0°1673 gave 0°3859 CO, and 0:0966 H,O. C=62°9; 
, H=6-41. 
| 0°1484 gave 18°9 c.c. N, at 15° and 737 mm. N=14°51. 

C,>H,,0,N requires C=62°5; H=6°25; N=14'6 per cent. 

The analyses of the two samples are in fair agreement, although it 
is probable that the substance may not have been pure. By alter- 
ing the condition of experiment, the compound of the structure IT 
can be obtained as the sole product, although the yield is decidedly 
poor. 

Hydroxymethylenecyclohexanone (12°6 grams) and ethyl cyano- 
acetate (11°3 grams) were treated with absolute alcoholic ammonia 
(50 c.c. of 11—12 per cent.) in the cold. The containing flask was 
closed and left at 35—40° for two days, at the end of which time 
4°5—5 grams of the condensation product (II) separated, which, 
after crystallisation from hot acetic acid diluted with a few drops 
of water, was suitable for analysis. The same product is obtained 
if, instead of cyanoacetamide and hydroxymethylenecyclohexanone, 
a solution of the amide of hydroxymethylenecyclohexanone and 
ethyl cyanoacetate in absolute alcohol is allowed to condense in 
the presence of an excess of diethylamine or piperidine: 

0°1542 gave 0°3517 CO, and 0°0846 H,O. C=62°2; H=6'1. 

C,>H,,O,.N, requires C=62°5; H=6°25 per cent. 
The product loses its aldol phase on being heated with a small 


Il. 
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quantity of glacial acetic acid at 200-—-210° for several hours. It 

then crystallises in prisms, melting and decomposing at 249°, 

darkening and softening several degrees below. 
3-Cyano-9-methoxyoctahydro-2-quinolone, 


CH,-CH, 
CH, c(OMe)-NH 
Now,—-c¢ 
\\cH-CH(GN)~ 


was prepared in the following way. 1°9 Grams of the condensation 
product were suspended in a small quantity of absolute alcohol to 
which 0°23 gram of sodium dissolved in 15 c.c. of absolute alcohol 
was added. On warming, the suspended solid dissolved, and the 
solution was heated on the water-bath with methyl! iodide for about 
twenty minutes. On cooling, the methyl ether separated in long 
needles. On recrystallisation from alcohol diluted with a few 
drops of water, it melts at 247°, sintering a degree or two below: 


0°1531 gave 0°3568 CO, and 0°0914 H,O. C=63°56; H=6°63. 
C,,H,,O,N, requires C=64'07; H=6°79 per cent. 
The ether does not dissolve in alkali. Sulphuric acid hydrolyses 
it to an acid, melting at 200—202°. 

The second condensation product obtained from cyanoacetamide 
and hydroxymethylenecyclohexanone, which has the structure re- 
presented in III (p. 1351), after crystallisation twice from acetic 
acid, melts at 249° after sintering at 235°. The substance can be 
obtained, as stated above, by heating the compound IT with glacial 
acetic acid at 200—210° for several hours, or by condensing the 
acetate of hydroxymethylenecyclohexanone with cyanoacetamide 
in the presence of sodium ethoxide, as follows: 1°68 grams of 
cyanoacetamide were dissolved in about 25 c.c. of absolute alcohol, 
and when the solution, on cooling, began to deposit crystals, 0°46 
gram of metallic sodium dissolved in 30 c.c. of absolute alcohol was 
added. To the sodium cyanoacetamide thus precipitated 3°36 
grams of the acetate of hydroxymethylenecyclohexanone were 
gradually added, without allowing the temperature to rise. The 
sodium salt dissolved, the odour of ethyl acetate was distinctly 
noticed, and the solution assumed a deep red colour. Next morn- 
ing, about a gram of the condensation product was collected. 
When crystallised once from hot acetic acid diluted with a few 
drops of water, it melted and decomposed at 249°: 

0°1124 gave 0°2847 CO, and 0°0577 H,O. C=69°07; H=5°7. 
0°1402 ,, 19°0 c.c. Ng at 18° and 772 mm. N=15°95. 

C,)H,ON, requires C=68°96; H=5°'75; N=16°09 per cent. 
These condensation products are almost insoluble in cold water, 


FE ———— 


———— 
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and very sparingly soluble in boiling water. They dissolve readily 
in hot glacial acetic acid, and moderately in alcohol, acetone, etc. 
Concentrated hydrochloric acid dissolves them, with the formation 
of a colourless solution, from which they are precipitated on dilu- 
tion with water. They are readily soluble in aqueous potassium 
or sodium hydroxides (not in sodium or potassium carbonate solu- 
tions), and when concentrated, the sodium or the potassium salts 
are deposited, which are hydrolysed on the addition of water. A 
solution of ferric chloride does not impart any characteristic colour 
to an alcoholic solution of the condensation product. 

Hydrolysis of the Condensation Products—As already men- 
tioned, both the compounds II and III give the same acid, 
hexahydro-2-quinolone-3-carboxylic acid, on hydrolysis, indicating, 
thereby, the essential structural identity of the two. The con- 
densation products (pure or mixture) are dissolved in about 80 per 
cent. sulphuric acid, and heated on the sand-bath for an hour and 
a quarter. After cooling, much water is added, when the acid is 
deposited in colourless needles. When recrystallised from alcohol 
or acetic acid, it melts at 266—267°, with the evolution of carbon 
dioxide, passing into hexahydro-2-quinolone, 


CH *\o==n 
2 — rl nies ia ™ . 
CH.-—C co 
> “\Ncx-on,7 


0°1256 gave 0°2886 CO, and 0°0641 H,O. C=62°5; H=5°67. 
C,»H,,0,N requires C=62°2; H=5'7 per cent. 


The hydrolysis can also be effected by heating the condensation 
product with fuming hydrochloric acid in a sealed tube at 
120—130° for one and a-half hours. If, however, the heating is 
continued to 150—160°, carbon dioxide is eliminated, leaving 
2: 3:5: 6: 7: 8-hewahydro-2-quinolone, and the most convenient 
method of preparing the latter consists in melting the acid in a 
test-tube until the evolution of carbon dioxide ceases. On cool- 
ing, the liquid sets into a mass of crystals, which, when recrystal- 
lised from boiling water, or preferably from a small quantity of 
alcohol, melt at 202—204°: 


0°1354 gave 0°3590 CO, and 0°0899 H,O. C=72°31; H=7:37. 
CyH,,ON requires C=72'48; H=7'38 per cent. 

This compound is more readily soluble in almost all solvents than 
the acid itself. It can be distilled under the ordinary pressure, 
with slight decomposition, but the distillate under diminished 
pressure is pure. It decolorises acid, alkaline, or neutral perman- 
ganate ; a solution of ferric chloride imparts a deep red coloration 
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to an alcoholic solution of the substance. It reacts slightly basic 
towards litmus, and does not dissolve in alkali. 

With phosphorus pentachloride it gives 2-chlorotetrahydro- 
quinoline, as expected. In order to obtain this, 2 grams of the 
substance, 14 grams of powdered phosphorus pentachloride, and a 
few drops of phosphoryl chloride were heated in a flask under 
reflux on a sand-bath for about twenty minutes. After cooling, 
the solid mass was gradually decomposed with ice, and the solution 
neutralised with an excess of sodium carbonate. The resultant 
liquid was next distilled in a current of steam, whereon a colour- 
less oil of a peculiar odour collected in the distillate. This was 
shaken with ether, and the ethereal solution dried and evaporated. 
The clear oil that remained behind was almost pure monochloro- 
derivative. The small yield (27—30 per cent.) prevented the 
determination of its physical constants: 

0°2571 gave 0°2213 AgCl. Cl=21°28. 

C,H, )NCl requires Cl= 21°19 per cent. 

Formation of Quinoline from the Compound 


—Ten grams of the reduced quinolone base were intimately mixed 
with 50 grams of zinc dust, and loosely packed in an ordinary 
combustion tube, the front part of which contained a length of 
about 15 cm. of zinc dust. The distillation was conducted at a 
low red heat in a current of hydrogen, when quinoline began to 
collect in drops, ammoniacal vapours escaping condensation at the 
same time. The quinoline thus obtained (about 2°5 grams) con- 
tained varying quantities of reduced quinoline. The crude pro- 
duct was therefore mixed with litharge, and transferred to a hard 
glass tube. On heating this to a dull red heat, practically pure 
quinoline distilled over; this was dissolved in hydrochloric acid, 
shaken with ether to remove any non-basic impurities, and re- 
precipitated by the addition of alkali. The base was extracted 
with ether, the ethereal solution dried and distilled. About 
1 gram of quinoline was collected at 234° (uncorr.), which gave a 
picrate, melting at 202°. A mixture of this picrate with quino- 
line picrate melted at the same temperature, whereas a mixture 
with tsoquinoline picrate (m. p. 223°) melted at 183°. The quino- 
line was further identified by means of its methiodide, which when 
anhydrous melts at 133—134°, and with a molecule of water of 
crystallisation at 72°. 
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Condensation of 3-Methylhydroxymethylenecyclohexanone with 
Cyanoacetamide. Formation of 3-Cyano-9-hydroxy-7-methyl- 
octahydro-2-quinolone, and of 3-Cyano-7-methylhexahydro-2- 
quinolone. 

In this case, also, two products were obtained, one, in which the 
aldol phase still remained, and the other without it. The mixture 
on repeated crystallisation from acetic acid gave a substance melt- 
ing and decomposing at 272°, which on analysis proved to have 
the constitution 
CEMe OS, 


H, C(OH)—NH 
c (OH)—NH 


*\cH,——ct Co 
\oH-cH(CN)’ 
00835 gave 0°1948 CO, and 0°0510 H,O. C=63°62; H=6'8. 

00776 ,, 9°25 cc. Ng at 15°5° and 762 mm. N=13°9. 

C,,H,,0O,N, requires C=64:07; H=6°8; N=13'6 per cent. 

In a second experiment, using a larger excess of diethylamine 
and collecting the condensation product after about two and a-half 
hours, the substance obtained had the composition 
CHMe-CH, 

C—_——__-_N. 
NOH 0K Sco. 
\cH-CH(ON)~ 
On crystallisation twice from dilute acetic acid, it melted at 
255—256°, beginning to sinter at 248°: 
0°1179 gave 0°3032 CO, and 0°0695 H,O. C=70°712; H=6°54. 
C,,H,,ON, requires C=70°2; H=6°38 per cent. 
The condensation product, melting at 272°, was also prepared by 
using absolute alcoholic ammonia as the condensing agent. The 
mixture was left at 35—40° for about two days, at the end of 
which time 3—4 grams of the substance were obtained from 20 
grams of 3-methylhydroxymethylenecyclohexanone. When crystal- 
lised twice from glacial acetic acid diluted with a few drops of 
water, it melted at 272°, beginning to darken at about 250°: 
0°1393 gave 0°3268 CO, and 0°0891 H,O. C=63°98; H=7:10. 
C,,H,,0,N, requires C=64°07; H=6'8 per cent. 
The condensation product loses its aldol phase on being heated 
in a sealed tube with glacial acetic acid at 200—210°, and passes 
into the compound, melting at 256°. 
7-Methylhexahydro-2-quinolone-3-carboxylic acid, 
CHMe-CH, 
pecan 


"vn i Sco, 
\\OH-CH(CO,H)” 


CH, 
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obtained by hydrolysing the condensation product with 80 per cent. 
sulphuric acid, crystallises from alcohol in needles, melting at 259°, 
with the liberation of carbon dioxide: 

0°1371 gave 0°3200 CO, and 0°0767 H,O. C=63°67; H=6°21. 

01801 ,, 10°65 c.c. N, at 20° and 765 mm. N=6°8. 

C,,H,,;0,;N requires C=63°77; H=6°28; N=6°6 per cent. 

7-Methylhexahydro-2-quinolone, obtained by melting the acid, 
crystallises from water or alcohol in colourless needles, melting at 
192—193°: 

0°1361 gave 0°3674 CO, and 0°0985 H,O. C=73°64; H=8'04. 

CioH,,0N requires C=73°62; H=7'99 per cent. 

Its chemical and physical properties are analogous to those of the 
homologue previously described. 


Condensation of 3-Methylhydroxymethylenecyclohexanone with 
Ethyl Cyanoacetate. 


Fifteen grams of 3-methylhydroxymethylenecyclohexanone were 
mixed with 12 grams of ethyl cyanoacetate, and ten drops of 
diethylamine added. The colour of the liquid soon changed from 
yellow to brown, and finally deep red, on being kept at 40°. Water 
separated, and the liquid became viscid. After three to four days, 
5°5 grams of the condensation product were collected. The 
crystalline mass so obtained was freed from the syrupy mother 
liquor by washing with small quantities of dry ether, in which the 
condensation product is very sparingly soluble. The product 
obtained in this way was not pure. In one case, certain crystals 
were mechanically separated, which melted at 184—185°, whilst 
the mixture, even after repeated crystallisation, melted between 
150° and 165°. The purification was, however, accidentally 
effected while attempting to prepare the semicarbazone. Instead 
of the semicarbazone, the deposit consisted of the pure ethyl 
a-cyano-B-2-keto-4-methylcycloherylideneprojmonate, 

CHMe CH 
CHy<oH, -C|:CH-CH(CN)-CO, kt} OO 
melting at 184—185°: 
0°1301 gave 0°3172 CO, and 0°0876 H,O. C=66'4; H=7-48. 
C,,H,;O,N requires C=66°38; H=7°23 per cent. 

The ester is soluble in most organic solvents, but insoluble in 
acids or alkalis. Ferric chloride imparts a deep red coloration to 
its alcoholic solution ; when hydrolysed with concentrated sulphuric 
acid or by prolonged boiling with alcoholic potassium hydroxide, 
the acid melting at 259° (p. 1359) is obtained. On heating an 
alcoholic solution of the ester with 90 per cent. hydrazine hydrate 
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for a short time, the acid hydrazide (and not the hydrazone) is 
obtained, which, when crystallised from alcohol, melts and decom- 
poses at 263—265°: 
0°1330 gave 0°2930 CO, and 0°0802 H,O. C=60; H=6°7. 
0°0825 ,, 13°5 cc. N, at 19° and 765mm. N=19°03. 
C,,H,,0O,.N, requires C=59°72; H=6°78; N=19°0 per cent. 


Condensation of 4-Methylhydroxymethylenecyclohexanone with 
Cyanoacetamide. 


The hydroxymethylene compound, which does not appear to have 
been described before, was prepared in the usual way. It boils at 
108—109°/25—27 mm. 

The condensation product, 3-cyano-6-methylhexahydro-2-quino- 
lone, was prepared as usual. After crystallising thrice from dilute 
acetic acid, it melted at 229°, after sintering at 223°: 

0°1483 gave 0°3803 CO, and 0°0855 H,O. C=70°0; H=6°4. 

C,,H,,ON, requires C=70°2; H=6°38 per cent. 
The condensation product with the aldol phase was prepared as 
usual, by using absolute alcoholic ammonia as the condensing 
agent. When rapidly crystallised from glacial acetic acid with a 
few drops of water, it separates as a crystalline powder. When 
allowed to crystallise slowly, it is obtained as a crystalline mass, 
which does not melt at 290°: 

0°1694 gave 0°3991 CO, and 0°1049 H,O. C=64'28; H=6°88. 

C,,H,,O.N, requires C=64°07 ; H=6°8 per cent. 

On hydrolysis with 80 per cent. sulphuric acid, the condensation 
product gave 6-methylhexahydro-2-quinolone-3-carboxylic acid, 
melting at 284°, with the elimination of carbon dioxide: 

0°1200 gave 0°2809 CO, and 0°0682 H,O. C=63°75; H=6°31. 

02640 ,, 15°6 cc. Ng at 15°5° and 752°4 mm. N=6'87. 

C,,H,,;0,N requires C=63'77 ; H=6'28; N=6°6 per cent. 
The acid melts and gives off carbon dioxide as usual, producing 
the reduced 6-methylhexahydro-2-quinolone, melting at 205—206° : 

01259 gave 0°3388 CO, and 0°0902 H,O. C=73°39; H=7-96. 

C,oH,,0N requires C=73°62; H=7°99 per cent. 


Condensation of 2-Methylhydrorymethylenecyclohexanone with 
Cyanoacetamide. 


The hydroxymethylene-ketone boils at 112—114°/39 mm. ‘The 
condensation product, 3-cyano-8-methylhexahydro-2-quinolone, after 
being crystallised thrice from dilute acetic acid, was obtained in 
thin prisms, melting at 242°, but softening at about 233°: 
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0°1149 gave 0°2959 CO, and 0°0663 H,O. C=70°23; H=6°41. 
0°1358 ,, 17:1 ec. Ny at 12° and 769°5 mm. N=14°84. 
C,,H,,ON, requires C=70°2; H=6°38; N=14°89 per cent. 
On hydrolysis, the condensation product gives 8-methylherahydro- 
2-quinolone-3-carboxylic acid, melting at 260—261°: 
0°1076 gave 0°2499 CO, and 0°0606 H,O. C=63°34; H=6°28. 
C,,H,,0,N requires C=63°77; H=6°28 per cent. 
This on melting gives, as usual, 8-methylhexahydro-2-quinolone, 
melting at 142°: 
0°1200 gave 0°3231 CO, and 0°0862 H,O. C=73°42; H=7°98. 
C,)H,;0N requires C=73°62; H=7°99 per cent. 


Condensation of Hydroxymethylenementhone with Cyano- 
acetamide. Formation of the Compound 


CH,-—CH 
CHMef *CH-CHMe, 
inna 
Va SS 
cHg SN 
CH(CN)-CO” 


The condensation was effected, as usual, by means of piperidine 
or diethylamine. The yield was poor, amounting to about 20 per 
cent. of the theoretical. 3-Cyano-5-methyl-8-isopropylhexahydro- 
2-quinolone crystallises from dilute acetic acid in thin prisms, 
sintering at 215°, and melting and decomposing at 227—228°: 

0°1265 gave 0°3381 CO, and 0°0906 H,O. C=72°87; H=7°96. 

0°2490 ,, 26°3 c.c. N, at 18° and 760°5 mm. N=12°23. 
Cy\4H,,ON, requires C=73°03; H=7°82; N=12°17 per cent. 

5 - Methyl -8 -isopropylhexahydro - 2 - quinolone-3-carboxylie acid, 
obtained by the hydrolysis of the condensation product, crystallises 
in soft, colourless plates, melting at 182—184°: 

0°1346 gave 0°3304 CO, and 0°0929 H,O. C=66°97; H=7°74. 

C,,H,,O,N requires C=67'47; H=7°62 per cent. 


Condensation of Diethylhydrorymethylene-ketone and Cyano- 
acetamide. Formation of  3-Cyano-5-methyl-6-ethyl-2 : 3- 
dihydro-2-pyridone, 

CO-CH(CN)\ 
N<og,—ome? CH) 

The condensation was effected as usual. The reaction takes 
place so readily that the condensation was complete in an hour 
and a-half. The crystalline deposit was found to be a mixture, 
from which, after repeated fractional crystallisation from hot 
hydrochloric acid, a product was obtained melting at 230—231°: 
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0°1030 gave 0°2482 CO, and 0°0585 H,O. C=65°82; H=6:31. 
C,H,,ON, requires C=66°6 ; H=6°17 per cent. 

The acid obtained by hydrolysing the condensation product with 
sulphuric acid melts at 287—-288° : 

0°1676 gave 0°3694 CO, and 0°0910 H,O. C=60°0; H=6°03. 

0°2313 ,, 15°8 cc. Ny at 19° and 758 mm. N=7°'86. 

C,H,,0,N requires C=59°67 ; H=6°07; N=7°73 per cent. 

The acid evolves carbon dioxide on melting, and passes into the 
hydroxypyridine derivative. This melts at 141° after drying over 
sulphuric acid in a vacuum, but the freshly crystallised product 
first melts at 110°, then solidifies, and again melts at 138—139°. 
This is probably due to some water of crystallisation. The sub- 
stance is colourless, and crystallises in thin prisms. It gives a red 
coloration with ferric chloride. 


Condensation of Ethoxymethyleneacetoacetic Ester with Ethyl- 
cyanoacetate in the Presence of Ammowma. 


The condensation product was found to be identical with that 
obtained by Errera, who employed an equivalent quantity of 
sodium ethoxide (Ber., 1900, 33, 2969). To a mixture of 16°5 
grams of freshly prepared ethoxymethyleneacetoacetic ester and 
10 grams of ethyl cyanoacetate, 30 c.c. of concentrated aqueous 
ammonia (D 0°88) were gradually added, any rise of temperature 
being prevented by cooling under water. The red solution was 
left at the room temperature for three days, when a crystalline 
solid had separated. Water was added to it to dissolve most of 
the solid, leaving a small residue, which was found to be the amide 
of the condensation product. The solution, which contained the 
ammonium salt of Errera’s compound, was acidified with dilute 
hydrochloric acid, when the condensation product precipitated as 
a colourless, crystalline mass. When crystallised twice from 
alcohol, it melted at 212—213°, as did Errera’s compound (Errera 
gives the melting point as 208°; it was found, however, that the 
true melting point is 212—213°). A mixture of the two melted at 
the same temperature, and the same acid was obtained by hydro- 
lysing the two compounds. The importance of this experiment 
with reference to Moir’s interpretation of the mechanism of such 
reactions has already been mentioned (see p. 1350). 


Condensation of Ethorymethyleneacetylacetone with 
Cyanoacetamide. 


The condensation could not be effected by piperidine or diethyl- 
amine, as the ethoxymethylene compound readily decomposes under 
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the experimental conditions into acetylacetone and formic acid, 
giving, ultimately, the same condensation product as is obtainable 
from acetylacetone and cyanoacetamide. 

The condensation was therefore brought about by Michael's 
reaction: 5°1 grams of cyanoacetamide were dissolved in about 
75 c.c. of absolute alcohol by boiling, and as crystals began to 
appear on cooling, 1°4 grams of sodium dissolved in absolute alcohol 
were added. To the sodium salt of cyanoacetamide thus precipi- 
tated, 9 grams of ethoxymethyleneacetylacetone were gradually 
added without allowing the temperature to rise. The flask was 
shaken from time to time, and left for twelve hours at the room 
temperature. The sodium salt of the condensation product was 
collected and washed with a little dry ether, when it weighed about 
12 grams. It was then dissolved in water, and the condensation 
product precipitated by means of dilute hydrochloric acid (avoid- 
ing excess). When crystallised from dilute alcohol, it melted at 
229—230° : 

0°1295 gave 0°2891 CO, and 0°0515 H,O. C=60°9; H=4°42. 

00923 ,, 131 ec. N, at 19° and 747 mm. N=16'14. 

C,H,O,N. requires C=61°36; H=4°54; N=15°9 per cent. 
The methyl ether crystallises from alcohol in stout, colourless plates, 
melting at 170°: 

0°1401 gave 0°3236 CO, and 0°0670 H,O. C=62°99; H=5°31. 

0°1532 ,, »=919°65 c.c. N, at 16° and 7575 mm. N=14°98. 

Cj9H,pO.N, requires C=63'15; H=5°'26; N=14°73 per cent. 
The ethyl ether crystallises from dilute alcohol in fine needles, 
melting at 110°: 

0°1000 gave 0°2376 CO, and 0°0539 H,O. C=64'8; H=5-99. 

C,,H,,0,N, requires C=64°7; H=5°88 per cent. 

Both these ethers are soluble in boiling water, from which they 
crystallise well. 

The hydrolysis of the condensation product is best effected by 
heating it with concentrated hydrochloric acid in a sealed tube at 
125—130° for one and a-half hours. The acid crystallises out in 
the tube. When recrystallised from acetic acid diluted with a few 
drops of water, it melted at 242—243°: 

0°1668 gave 0°3379 CO, and 0°0695 H,O. C=55°27; H=4°63. 

C,H,O,N requires C=55°39; H=4°61 per cent. 

Several other condensation products which, although not derived 
from hydroxymethylene-ketones, are quinoline derivatives, may be 
described here for comparison. They also illustrate the reactivity 
of the ethylenic bond. 
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Condensation of Dibenzylidenecyclohexanone with Cyanoacetamide. 


2°5 Grams of cyanoacetamide were dissolved in 35 c.c. of abso- 
lute alcohol by boiling, and as crystals of cyanoacetamide just 
began to appear on cooling, 0°69 gram of sodium dissolved in 
20 c.c. of absolute alcohol was added. A crystalline precipitate of 
sodiocyanoacetamide soon appeared, to which 81 grams of 
dibenzylidenecyclohexanone, suspended or partly dissolved in about 
100 ¢.c. of absolute alcohol, were gradually added with vigorous 
shaking. The suspended solid gradually dissolved, and the solu- 
tion became of a deep red colour. The clear, red solution was left 
overnight at the room temperature, after which it was diluted 
with an equal bulk of water, and acidified with hydrochloric acid. 
The yellowish-white solid that separated was thoroughly washed 
with water, and crystallised three times from hot acetic acid 
diluted with a few drops of water. It separates in colourless 
prisms, melting and decomposing at 262—263°. The melting 
point, however, varies considerably with the rate of heating: 

0°1684 gave 0°4760 CO, and 0°0952 H,O. C=77:08; H=6°28. 

0°2472 ,, 169 cc. N, at 16° and 762 mm. N=8°01. 
C.3H 0 .N, requires C=77°09; H=6°14; N=7°82 per cent. 
The substance is insoluble in acids or alkalis. It does not give 
any colour with ferric chloride. It is sparingly soluble in alcohol, 
and insoluble in ether or benzene. Hot acetic acid dissolves it 
fairly readily. 

Hydrolysis by Hydrochloric Acid.—Five grams of the condensa- 
tion product were heated with 20 c.c. of fuming hydrochloric acid 
for three to four hours at 150—160°. The crystalline product was 
washed free from hydrochloric acid, and recrystallised from hot 
alcohol or acetic acid, in both of which it is sparingly soluble. It 
forms colourless needles, melting at 248—249°: 

0°1315 gave 0°4052 CO, and 0°0820 H,O. C=83'95; H=6°92. 

C..H,,ON requires C=83°81; H=6°66 per cent. 
The substance does not dissolve in aqueous acids or alkalis, but 
gives a deep red coloration with ferric chloride. 

This type of condensation with benzylidene derivatives of ketones 
is general. Styryl methyl ketone (benzylideneacetone) similarly 
gives a condensation product melting at 257—-258°. It is likewise 
insoluble in acids or alkalis: 

0°1272 gave 0°3171 CO, and 0°0685 H,O. C=67'92; H=5°98. 

C,3H,,O.N, requires C= 67°82; H=6-08 per cent. 

It is noteworthy that in all these condensations, the aldol phase 

persists, which disappears during hydrolysis. 
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A curious result has been obtained on condensing styryl methyl 
ketone with cyanoacetamide in alcoholic solution (using a small 
quantity of water to dissolve the cyanoacetamide) in the presence 
of diethylamine. At the end of a week crystals began to appear, 
and the deposition was finished at the end of three weeks. The 
product was crystallised from dilute acetic acid, from which it 
separated in needles, melting and decomposing at 276°, and 
darkening a few degrees before. The yield was poor: 

0°1469 gave 0°4017 CO, and 0°0641 H,O. C=74°58; H=4°84. 

The expected compound with the aldol phase requires C=67°82 ; 
H=6:08; and the compound without the aldol phase requires 
C=73'58; H=5°66 per cent. Two more analyses from different 
preparations also gave the same result. It is therefore assumed 
that the condensation product had in some way lost two atoms of 
hydrogen, giving a compound of the formula C,,;H,jON,, which 
requires C=74°28; H=4°76 per cent. 

The methyl ether, prepared as usual, crystallises from methyl 
alcohol in soft, colourless needles, melting at 146°: 

0°1408 gave 0°3842 CO, and 0°0693 H,O. C=7444; H=5°46. 

C\,H,,ON, requires C=75°0; H=5°35 per cent. 

It is difficult to explain the disappearance of two hydrogen 
atoms. The isomeric compound obtained from benzoylacetone and 
cyanoacetamide has entirely different properties; thus, it dissolves 
freely in alkali, whilst the product under consideration does not. 
Guareschi (Mem. R. Accad. Torino, 1900, [ii], 50, 235) describes 
a compound which he obtained by condensing styryl methyl ketone 
with ethyl cyanoacetate in the presence of an excess of absolute 
alcoholic ammonia. To this he ascribes the probable constitution 


NH 60. cH (ONY > CMeCH:CHPh. This compound melts at 


about the same temperature as the condensation product in ques- 
tion, but its carbon, hydrogen, and nitrogen contents are widely 
different. Besides, Guareschi’s compound, being an imide, dissolves 
readily in alkalis, and, as a matter of fact, he obtained it from the 
condensing mixture as the ammonium salt of the imide. The 
question as to the constitution of the condensation product must, 
therefore, be left open until new data are forthcoming. 


Condensation of Acetylcyclohexanone with Cyanoacetamide. 


The object in attempting this condensation has already been 
indicated in the introduction. The condensation takes place with 
singular readiness. So great is the tendency for ring-formation, 
that the separation of the condensation product begins at the end 
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of three to four minutes, and is complete in about an hour’s time. 
Eight grams of acetyleyclohexanone were added to an aqueous 
solution of 5 grams of cyanoacetamide, with just enough alcohol to 
effect the solution of the oily diketone. On adding a few drops of 
diethylamine, and warming the solution to about 60°, crystals 
began to appear in three minutes. The flask was kept for a short 
time at about 35°, when its contents set to a crystalline solid, 
which weighed about 7 grams. When crystallised from glacial 
acetic acid with the addition of a few drops of water, it is obtained 
in colourless needles, which do not melt at 290°, but begin to 
darken at about 280°: 

0°1651 gave 0°4272 CO, and 0°0972 H,O. C=70°5; H=6'54. 

C,, HON, requires C=70°21; H=6°38 per cent. 

It dissolves in alkali to give a colourless solution, from which it 
is precipitated unchanged by the addition of acid. On hydro- 
lysing the substance with fuming hydrochloric acid in a sealed tube 
at 150—160° for three hours, a product was obtained which, when 
crystallised from alcohol, melted at 235°: 

0°1231 gave 0°3306 CO, and 0°0873 H,O. C=73'25; H=7°84. 

C,)H,;,0N requires C=73'°6; H=7'97 per cent. 

It gives a deep red colour with ferric chloride. The amount of 
material was very small, and further investigation was, therefore, 
not possible. 
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CLI.-— Complex Metallic Ammines. Part I. 
cis-Sulphonyldiacetatodiethylenediaminecobaltic Salts. 


By Tuomas Siater Price and Sipney ALBERT BRAZIER. 


In his investigations of the complex cobaltammines, Werner has 
prepared a number of salts of the type [A‘Coen,|X, where A is 
the radicle of a dibasic acid. So far, the sulphito-, carbonato-, 
oxalato-, and malonato-radicles have been introduced into the com- 
plex, but Werner has not been able to obtain crystalline com- 
pounds containing the next higher homologue to the malonato- 
radicle, namely, the succinato-radicle, or containing the radicles of 
malic and tartaric acids (Annalen, 1911, 386, 26, 81). This 
behaviour of the acid radicles is regarded as agreeing with the fact 
that the alkylenediamines are able only to form complexes when 
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a five- or six-ring is formed by combination with the cobalt atom. 
For example, ethylenediamine and trimethylenediamine form com- 
plexes, whereas tetramethylenediamine and pentamethylene- 
diamine are not able to do so (loc. cit., p. 27). 

It occurred to the authors that the introduction of the sulphur 
atom into the chain of carbon atoms in the acid used might lead 
to interesting results in this connexion, and Prof. Werner having 
kindly informed them that he did not contemplate working with 
such compounds, and would leave the field open to them, an in- 
vestigation was commenced, using thiodiacetic acid, S(CH,*CO,H).. 
Attempts were made to prepare the thiodiacetatodiethylene- 
diaminecobaltic hydrogen thiodiacetate, 

[S(CH,°CO,),Co en, |CO,*CH,*S*CH,*CO,H, 
applying the method used by Werner in the preparation of the 
malonato-compounds (loc. cit., p. 79). A beautifully crystalline 
substance was obtained, which, however, did not have the desired 
composition. It was found that reduction of the cobalt compound 
had taken place during the evaporation of the solution on the 
water-bath, with the result that a double salt of cobalt thiodiacetate 
and ethylenediamine thiodiacetate, 
S(CH,*CO,),Co,8(CH,*CO,),C,H,N,H,,2H,0, 
was obtained. 

An attempt was then made to prepare the thiodiacetato-chloride 
by a method similar to that used in the preparation of the oxalato- 
chloride (Werner and Vilmos, Zeitsch. anorg. Chem., 1889, 21, — 
150). A_ solution of  trans-dichlorodiethylenediaminecobaltic 
chloride was mixed with a solution of thiodiacetic acid, and the 
whole heated slowly to the boiling point, whereby the solution 
became of a claret colour. There was no precipitation on adding 
alcohol, as is the case in the preparation of the oxalato-compounds, 
so the solution was evaporated to a small bulk on the water-bath. 
On cooling, a few green crystals separated, and on the addition of 
excess of 95 per cent. alcohol there was a copious green, crystalline 
precipitate. These green crystals were found to have a composi- 
tion corresponding with the formula 

[Cl,Co en,|CO,*CH,"S-CH,°CO,H,S(CH,*CO,H),, 
that is, they are analogous to the acid dichlorodiethylenediamine- 
cobaltic chloride, [Cl,Co en,]Cl,HC1,2H,O (Jérgensen, J. pr. Chem., 
1889, [ii], 39, 24; Werner, Ber., 1901, 34, 1733). It was noticed 
that a green, crystalline precipitate was formed when the cold 
solutions of the dichloro-chloride and thiodiacetic acid were mixed, 
and this green precipitate had the same composition as the above- 
mentioned green salt. Since then we have prepared a large 
number of similar green compounds from various sulphur acids 
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and acids of the oxalic acid series, an account of which will be 
given in a later paper. 

In order to avoid reduction of the cobalt complex, thiodiacetic 
acid was replaced by sulphonyldiacetic acid, SO,(CH,*CO,H),, and 
we were then successful in preparing cis-sulphonyldiacetato- 
diethylenediaminecobaltic hydrogen sulphonyldiacetate, 


H,*CO-O 
| 08<CH"-co- Sco en, |CO,-CH,'80,-CH,°CO,H 


(compare P., 1913, 29, 272). This compound, since it is obtained 
directly from carbonatodiethylenediaminecobaltic bromide (see ex- 
perimental part), is characterised as the cis-compound, in accord- 
ance with the reasons set forth by Werner (Annalen, 1911, 386, 
10). It will be seen that, in contradistinction from the results. 
hitherto obtained by Werner, the sulphonyldiacetato-radicle forms 
an eight-ring with the cobalt atom. 

Although the above salt was readily obtained, months of fruitless 
work were spent in endeavouring to obtain other salts from it. 
Apparently, however, it is less soluble than salts such as the 
bromide, chloride, etc., and methods depending on double decom- 
position met with no success. Even the method used by Werner 
with such good results in similar cases, namely, trituration with a 
concentrated solution of ammonium chloride (compare Ber., 1907, 
40, 4434), did not lead to the formation of the chloride. Owing 
to the solubility of silver sulphonyldiacetate in water, it was 
impossible to prepare the free base, and hence proceed to the 
formation of other salts, and the barium and lead sulphony!l- 
diacetates were not sparingly soluble enough to hope for success 
by using them. It was therefore necessary to find some method of 
preparing, for example, the sulphonyldiacetato-bromide, from 
which other salts could then be obtained, and ultimately we were 
successful in preparing the bromide directly from carbonato- 
diethylenediaminecobaltic bromide. 

Werner has shown (Ber., 1907, 40, 262; Annalen, loc. cit., pp. 
13, 87) that when the carbonato-salts are treated with dilute 
mineral acids, the cis-diaquo-salts are formed, thus: 


[CO, Co en,]X +2HX + H,0= [on Co en, |X, +00,, 


When the acid-free diaquo-salts are heated at 115°, water is lost, 
with the formation of the cis-dihalogeno-salts (Werner, Ber., 1907, 
40, 268), in accordance with the equation 

lon Co on, |X4—[X, Co en,|X + 2H,0. 


In the case of the diaquo-bromide, this reaction will take place at 
VOL, CVII. 4R 
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the odinary temperature in a vacuum desiccator over phosphoric 
oxide. 

It seemed possible, therefore, that if carbonatodiethylene- 
diaminecobaltic bromide were treated with an equimolecular 
quantity of sulphonyldiacetic acid in aqueous solution, the diaquo- 


salt, [on Co eng | where A represents the radicle, 


80,(CH,°CO,")., 
would be produced. After concentration of the solution on the 
water-bath, and allowing it to crystallise, it would be possible for 
the two aquo-groups to be replaced by the sulphonyldiacetato- 
radicle, thus giving rise to the sulphonyldiacetato-bromide, 
[ACoen,]Br.* As a matter of fact, crystals were obtained having 
a composition corresponding with the formula 
[SO,(CH,°CO,),Co en, |Br,2H,0. 
The compound may, however, be diaquodiethylenediaminecobaltic 


bromide sulphonyldiacetate, | (H,0),Co eNg |@o -CH,),80,’ which 
2°Utte)e 


has exactly the same composition. That this is not the case, how- 
ever, has been proved in the following ways: (1) Among other 
salts which have been prepared from the bromide are the iodide, 
thiocyanate, and dithionate, all of which are anhydrous. (2) The 
bromide was heated for three hours at 115°, and the residue re- 
crystallised from water. The resulting crystals gave the same 
analytical figures as the original bromide. If the original bromide 
had been the diaquo-salt, it would have lost the two molecules of 
water at 115°, transforming possibly into the sulphonyldiacetato- 
bromide, which would then not necessarily have crystallised with two 
molecules of water of crystallisation. (3) A solution of the bromide 
was treated with excess of silver oxide in order to obtain the free 
base. After collecting the silver bromide and the unchanged silver 
oxide, a molecular proportion of sulphonyldiacetic acid was added 
to the filtrate, and the solution concentrated over anhydrous 
calcium chloride in a vacuum at the ordinary temperature until 
crystals were obtained. The crystals, according to analysis and 
appearance, were the same as those of the sulphonyldiacetato- 


* Other reactions may conceivably be the formation of an hydroxyaquo- 


salt, either Ex Co en, ]A (by the loss of ‘hydrogen bromide), or 
HO 
Ex Co en, a 
or of a bromoaquo-salt, [iro Co en, |A (by the loss of a molecule of water). 


The former reaction takes place in the presence of alkali, however, and the 
latter reaction is improbable, since the halogenoaquo-salts tend to lose water 
and change into the dihalogeno-salts. 


<r. 
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diethylenediaminecobaltic hydrogen sulphonyldiacetate obtained 
from the carbonato-bromide according to the first method, which 
undoubtedly gives a salt containing the sulphonyldiacetato-radicle 
in the complex. (4) Oxalatodiethylenediaminecobaltic bromide 
was prepared in a similar manner from the carbonato-bromide and 
oxalic acid, and found to agree in properties with the bromide 
described by Werner and Vilmos (loc. cit.). 

The sulphonyldiacetatodiethylenediaminecobaltic salts which 
have been prepared are the chloride, bromide, iodide, nitrate, thio- 
cyanate, dithionate, hydrogen sulphonyldiacetate, platinichloride, 
and aurichloride. They are all microcrystalline, and those which 
are soluble in water crystallise out only very slowly from the con- 
centrated aqueous solutions, so that their preparation and purifi- 
cation is a somewhat slow process. 


ExPERIMENTAL. 


In the attempt to prepare thiodiacetatodiethylenediaminecobaltic 
salts, 5 grams of carbonatodiethylenediaminecobaltic bromide were 
dissolved in 100 c.c. of warm water, and, after cooling, 2°75 grams 
of freshly prepared silver oxide were added to the solution. The 
mixture was well shaken for half an hour, and then filtered from 
the silver bromide and unchanged silver oxide into an aqueous 
solution of 4°70 grams of thiodiacetic acid, the proportions being 
2 molecules of the acid to 1 molecule of the carbonato-base. The 
resulting solution, after the evolution of carbon dioxide had 
ceased, was bright red (the colour of the diaquo-salts), but as it 
was evaporated on the water-bath it changed to a brownish-red 
colour. After evaporating to a small bulk, the solution was allowed 
to cool slowly, when well-developed, brownish-red, square, tabular 
crystals separated. Analysis showed that their composition was 
unaltered by recrystallisation from water. The percentage of 
cobalt was found to be 12°89, and that of nitrogen 6°13, whereas 
thiodiacetatodiethylenediaminecobaltic hydrogen _ thiodiacetate, 
[S(CH,*CO,),Co en,]CO,*CH,*S-CH,*CO,H, requires Co=12°38 and 
N=11°77 per cent. 

It was found that the cobalt was not present in the cobaltic 
condition, and as part of a complex radicle, since the solution gave 
a precipitate of cobaltous hydroxide with sodium hydroxide.* 


* When the solution obtained by mixing the carbonato-base with thio- 
diacetic acid was evaporated to dryness in a vacuum desiccator at room 
temperature, no reduction of the cobalt took place. The residue was not 
crystalline, however, but consisted of a hard glassy mass, which dissolved 
readily in water, but from which no salts could be precipitated by the method 
of double decomposition. On allowing the aqueous solution to remain 
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Moreover, with chloroplatinic acid the solution gave a yellow pre- 
cipitate, which was found to be ethylenediamine platinichloride 
(0°3189 gave 01339 Pt. Pt=41°99. C,H,)N,Cl,Pt requires 
Pt=41°53 per cent.). It was probable, therefore, that the 
ethylenediamine was not present as a component of a complex 
cobaltammine, but rather as a constituent of a double salt. The 
analytical results agreed with a double salt of cobalt thiodiacetate 
and ethylenediamine thiodiacetate, namely, 
S(CH,-CO,),Co,8(CH,-CO,H),C,H,(N He).,2H,0. 


0°2259 gave 0°0760 CoSO,. Co=12°80. 

0°3351 ,, 01136 CoSO,. Co=12°89. 

0°2978 ,, 15°80 cc. N, (moist) at 14° and 749°8 mm. 
N=6'13. 

0°2978 gave 0°2955 BaSO,. S=13°63.* 

0°5239 lost 0°0429 H,O. H,O=8°19.+ 

Ci oH,s0,N,8,Co,2H,O requires Co=13'01; N=6:18; S=14°15; 

H,O =7°95 per cent. 


If the salt is really a double salt of the above composition, all 
the thiodiacetic acid should be precipitated as the silver salt by 
silver nitrate in cold solution, since silver thiodiacetate is insoluble 
in cold water. The percentage of sulphur calculated from the 
weight of silver thiodiacetate obtained (dried in a Gooch crucible 
at 120°) should then agree with the percentage estimated accord- 
ing to the Carius method. The respective percentages actually 
obtained, using a specimen of the salt which had been partly 


exposed to the air in a partly covered beaker for some months, some reduc- 
tion took place, and crystals separated of the same appearance and compo- 
sition as those mentioned in the text. The fresh solution of the glass gave a 
precipitate with chloroplatinic acid, but the analytical results for the precipi- 
tate were variable and led to no definite formula. 

* The sulphur was estimated by the ordinary Carius method. Attempts 
to estimate it by electrolytic oxidation (Gasparini, Chem. Zeit., 1907, 31, 641) 
all gave too low results, for example, 11-09 and 12-60 per cent. This is one of 
the few cases (compare Twiss, T., 1914, 105, 1676) in which, according to one 
of the authors’ experience, the method has been known to fail. The diffi- 
culty of oxidation thus indicated would account for the somewhat low result 
obtained by the Carius method. 

+ The water of crystallisation is very difficult to remove. After keeping 
in a vacuum desiccator for twelve days the 0-5239 gram lost 0-0343 gram 
(H,0 = 6-54 percent. ), and thisloss did not increase after drying for another four- 
teen days. On then heating to 180° (lower temperatures were not satisfactory) 
for four hours the loss increased to 0-0392 gram (H,O=7-48 per cent.) ; after 
five hours more at 180° the loss was 0-0429 gram (H,O= 8°19 per cent.), and no 
further loss took place after heating for another seven hours. The anhydrous 
salt was very pale pinkin colour. On heating again at 210° it became brown, 
and at the same time decomposition was observed. 
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dehydrated in a vacuum desiccator, were 14°49 and 14°50, figures 
which are in very good agreement with each other. 

Confirmation of the above results was obtained by preparing the 
same salt directly from cobalt carbonate, ethylenediamine, and 
thiodiacetic acid. Two grams of cobalt carbonate were dissolved 
in an aqueous solution of 5 grams of thiodiacetic acid and 2 grams 
of 50 per cent. ethylenediamine. A clear solution resulted, of the 
same colour as that obtained in the first method of preparation ; 
after concentration on the water-bath, and cooling, crystals (5°4 
grams) of the same colour and shape as those mentioned above 
were obtained. The results of analysis agreed with those already 
given : 
0°3842 gave 0°1293 CoSO,. Co=12°80. 
0°2953 ,, 15°9 cc. N, (moist) at 16° and 754:°8 mm. N=6°21. 
0°2988 ,, 03022 BaSO,. S=13°89. 


cis-Sul phonyldiacetatodiethylenediaminecobaltic Salts. 


To obtain the bromide, [SO,(CH,°CO,),Co en,|Br,2H,O, 5 grams 
of carbonatodiethylenediaminecobaltic bromide were dissolved in 
80 c.c. of warm water, and, after filtering and cooling, 2°85 grams 
of sulphonyldiacetic acid were added. A brisk effervescence of 
carbon dioxide at once occurred, and the colour changed from the 
bluish-red of the carbonato-bromide to the bright red of the diaquo- 
salts. After the reaction had slackened, the solution was allowed 
to remain overnight in a vecuum desiccator over soda-lime. The 
resulting solution, which had then changed to a brownish-red 
colour, was evaporated to a low bulk on the water-bath, the colour 
then becoming a distinct purplish-red. After keeping for some 
time, crystals of sulphonyldiacetatodiethylenediaminecobaltic 
bromide separated; they consisted of very small, dull rose-red, 
microscopic plates. The yield was 2°8 grams, but more crystals 
were obtained by further concentration of the mother liquor: 


0°2457 gave 0°0799 CoSO,. Co=12°37. 

0°3391 ,, 01322 AgBr. Br=16°60. 

0°6988 lost 0°0519 H,O after four hours at 100°. H,O0=7°42. 
CgH2,90,N,BrSCo,2H,O requires Co= 12°40; Br=16°83; H,O=7°58 
per cent. 

When heated at 115° for three hours, the salt showed signs of 
decomposition, but the product, when extracted with water, gave 
a solution which deposited crystals of unchanged bromide. 
(Found, Co=12'44. Br=16-92 per cent.) The salt could be 
recrystallised unchanged from 50 per cent. acetic acid. 
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The hydrogen sulphonyldiacetate, 
[SO,(CH,*CO,),Co en, ]}CO,*CH,°SO,°CH,*CO,H, 

was obtained by dissolving 4 grams of carbonatodiethylenediamine- 
cobaltic bromide in 80 c.c. of warm water ; after cooling, 2°20 grams 
of freshly prepared silver oxide were added, and the mixture was 
well shaken for half an hour. The product was then filtered into 
an aqueous solution of 5°63 grams of sulphonyldiacetic, acid, the 
proportions being 2 molecules of the acid to 1 molecule of the 
carbonato-base. The resulting solution, after evaporation to a 
small bulk on the water-bath, deposited pink,* microscopic 
crystals, which are readily soluble in hot, but somewhat sparingly 
soluble in cold, water: 


0°2687 gave 0°0767 CoSO,. Co=10°86. 
0°1797 ,, 16°65 cc. N, (moist) at 19° and 749°3 mm. 
N=10°45. 

0°3045 gave 0°2618 BaSO,. S=11°81. 
C,.H,;0;.N,8,Co requires Co=10°91 ; N=10°37 ; S=11°87 per cent. 

The same salt was prepared from the bromide (compare p. 1373) 
as follows: 4 grams of sulphonyldiacetatodiethylenediaminecobaltic 
bromide were dissolved in 40 c.c. of warm water, and, after cool- 
ing, silver oxide freshly prepared from 2°8 grams of silver nitrate 
was added. The mixture was well shaken for one hour, filtered, 
and 1°54 grams (1 mol. equivalent) of sulphonyldiacetic acid added 
to the filtrate. The solution was allowed to evaporate at room 
temperature, when crystals slowly formed. The first crystals con- 
tained a little silver, and were rejected, but the succeeding crops 
consisted of the pure hydrogen sulphonyldiacetate, resembling in 
every respect those prepared by the first method. (Found, 
Co=10°71, 10°98 per cent.) 

The iodide, [SO,(CH,*CO,),Coen,]I, was prepared by dissolving 
6 grams of the bromide in 60 c.c. of water, cooling the solution in 
a freezing mixture, and adding 5 grams of powdered potassium 
iodide. A crystalline precipitate formed immediately, which, after 
recrystallisation from water, gave rose-red, microscopic crystals. 
The yield was 5°6 grams: 


0°1989 gave 0°0634 CoSO,. Co=12°12. 
0°2545 ,, 01218 AgIl. I=25°87. 
C,H»O,N,ISCo requires Co=12°14; I=26°10 per cent. 
To prepare the chloride, [SO,(CH,*CO,),Co en,|Cl,H,O, a solu- 
tion of 4 grams of the bromide in 50 c.c. of water was well tritu- 
rated for an hour with freshly precipitated silver chloride obtained 


* In the abstract given in the Proceedings~(loc. cit.), the crystals were 
wrongly described as having a dull rose colour. 
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from 3 grams of silver nitrate. After collecting the silver haloids, 
the filtrate, on evaporation to a low bulk, slowly deposited micro- 
scopic, rose-red crystals (plates). These crystals were readily 
soluble in water, but crystallised out very slowly from solution: 


0°1159 gave 0°0436 CoSO,. Co=14°31. 

02088 ,, 0°0707 AgCl. Cl=838. 

CH, 90,N,C1SCo,H,O requires Co= 14°29; Cl=8-59 per cent. 

When heated for three hours at 115°, the crystals underwent 
decomposition, and a product of totally different composition 
(Found, Co=20°50; Cl=12°64 per cent.) was obtained by extrac- 
tion with water and crystallisation. 

The nitrate, [SO.(CH,*CO,),Coen,|NO,,2H,O, was obtained by 
precipitating a solution of 5°7 grams of the bromide in 60 c.c. of 
water with the equivalent quantity (2°04 grams) of silver nitrate. 
After shaking for one hour, the silver bromide was collected, and 
the filtrate evaporated to a low bulk on the water-bath. The cold 
solution slowly deposited clusters of pale red, microscopic prisms, 
which were readily soluble in water: 


0°2196 gave 0°0748 CoSO,. Co=12°95. 
01368 ,, 183 cc. N, (moist) at 14°2° and 747°9 mm. 
N=15-4. 

C,H,,0,N,SCo,2H,O requires Co=12°90; N=15°3 per cent. 

The thiocyanate, [SO,(CH,°CO,),Coen,]SCN, was obtained by 
adding 1°5 grams of solid potassium thiocyanate to a saturated 
solution containing 3 grams of the sulphonyldiacetato-bromide. 
The potassium thiocyanate dissolved, and after some days micro- 
scopic, pale brick-red crystals of the complex thiocyanate 
deposited : 

0°1493 gave 0°0559 CoSO,. Co=14°24. 

01103 ,, 16°20 cc. Ny (moist) at 145° and 740°9 mm. 

N=16°7. 
C,H,0O,N;8,Co requires Co=14'14; N=16'8 per cent. 

To obtain the dithionate, [SO,(CH,*CO,),Coen,],8,0,, a satu- 
rated solution containing 2 grams of the bromide was well 
triturated with 1 gram of solid sodium dithionate, which slowly 
dissolved. After keeping for some weeks, microscopic, rose-red 
leaflets of the dithionate separated : 


0°1913 gave 0°0671 CoSO,. Co=13°34. 
01042 ,, 0°1095 BaSO,. S=14°44. 
C,gH yO gN,8,Co, requires Co=13°40; S=14°60 per cent. 
The platinichloride, [SO,(CH,*CO,),Co eng],PtCl,, was prepared 
by filtering a saturated solution containing 2 grams of the bromide 
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into a 5 per cent. solution of chloroplatinic acid. An immediate, 
dark yellow precipitate was obtained, which was collected, washed 
with alcohol and ether, and dried in a vacuum desiccator. When 
dry, it consisted of microscopic, pale brown crystals: 
0°3226 gave 0°0879 CoSO, and 0°0564 Pt. Co=10°39; Pt=17°48. 
(CgHy0,N,SCo),PtCl, requires Co=10°47; Pt=17°33 per cent. 
The aurichloride, [SO.(CH,*CO,),Co en,|AuCl,,H,O, was obtained 
by slowly adding a solution of 1 gram of the bromide in 50 c.c. of 
water to 10 c.c. of a 10 per cent. solution of chloroauric acid. An 
immediate orange-coloured precipitate was obtained, which, after 
collecting and drying on a porous tile, turned to a burnt sienna 
colour. It consisted of nodular masses of microscopic crystals: 
0°2495 gave 0°0536 CoSO, and 0°0689 Au. Co=819; Au=27°62. 
C,H »0,N,8SCo,AuCl,,H,O requires Co=8'24; Au=27°53 per cent. 


Addendum. 


As mentioned in the introduction, oxalatodiethylenediamine- 
cobaltic bromide, [C,0,Coen,|Br,H,O, was prepared by a method 
similar to that used for the sulphonyldiacetato-bromide, in order 
to test the validity of the method. 2°5 Grams of carbonato- 
diethylenediaminecobaltic bromide, dissolved in 70 c.c. of water, 
were treated with 1 gram (1 molecular equivalent) of oxalic acid 
dissolved in 20 c.c. of water. The solution was evaporated to a 
small bulk, and the crystals separating were recrystallised from 
hot water, when they were obtained as dark red leaflets, as 
described by Werner and Vilmos (Zeitsch. anorg. Chem., 1899, 21, 
153): 

0°3607 gave 0°1529 CoSO,. Co=16°12. 

0°2987 ,, 0°1532 AgBr. Br=21°83. 

C,H,,0,N,BrCo,H,O requires Co=16°15; Br=21°89 per cent. 

Werner and Vilmos state that the salt is anhydrous, no hydrated 
form having been observed. Our salt was dried in the air, and 
gave off water on heating gently. Possibly the difference is 
accounted for by a difference in the amount of moisture present in 
the air at Birmingham and Ziirich, since we have found that the 
oxalato-chloride, prepared both according to the method of Werner 
and Vilmos, and according to a new method to be described in a 
later paper, has the formula [C,0,Coen,]Cl,4H,O, whereas Werner 
and Vilmos give [C,0,Co en,|Cl,3H,O. Moreover, our specimen of 
the chloride gave all the reactions described by Werner and Vilmos. 
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CLII.—Syntheses of 3-Oxy(1)thio- 


of Derivatives 
naphthen. 


By Samvuet Suites and Brosenpra Natu Guosu. 


Previous investigations have led (T., 1910, 97, 1290; 1911, 99, 
640) to the assumption that solutions of certain aromatic mer- 
captans or disulphides in concentrated sulphuric acid contain the 
corresponding sulphenic acids, these substances being formed 
either by oxidation of the mercaptan or by hydrolytic fission of 
the disulphide. For many reasons, the reactions involved appear 
to be reversible, and they may be represented as follows: 


ArSH+0O ~~ ArSOH 
ArSH + ArSOH ~—— Ar’S:S:Ar+ H,0. 


The application of this hypothesis has already furnished a simple 
explanation of the synthesis of thianthrens from aromatic mer- 
captans or disulphides and hot sulphuric acid (T., 1911, 99, 640), 
and in the case of o-thiolbenzoic acid it has led to a general 
method of synthesising thioxanthones from that substance and 
derivatives of benzene: 


OH <a +C,H,+0 = C,H, <OO>0,H, + 2H,0. 


As described in a previous paper, further experiments were 
made to ascertain whether this type of condensation could be 
effected with substances containing the keto-methylene group, and 
the object was successfully attained by the interaction of o-thiol- 
benzoic acid and malonic or acetoacetic acid in concentrated 
sulphuric acid. It was shown that from either substance 
3-oxy(1)thionaphthen could be obtained, in the case of malonic 
acid the reaction evidently proceeding as follows: 


i 
OH Sy + CH, OOH 40-0, <CO>0H, + 2H,0 +200, 


SH 2 “CO, H. 

In the present paper these experiments have been extended, 
with the twofold object of obtaining some direct evidence of the 
manner in which the reaction proceeds and of ascertaining 
whether this type of condensation is of a general nature. 

The condensation of ethyl acetoacetate and o-thiolbenzoic acid 
has been further investigated, and it has been found that the pro- 
ducts vary according to the conditions chosen and the quantities 
of the reagents used. The chief product formed when the con- 
densation is carried out at 50—60° with equimolecular proportions 
4 R* 
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of the two reagents is 3-oxy(1)thionaphthen, which may be con- 
verted into “ thioindigo”’ if the temperature is raised above 70°: 


0,H 0-CH ” 
CH,<Cp t+ CH, ou,H * +O= 
0,8, <“O>cH, + 2H,0 + CO, + CH,*CO,H. 


Unless extreme conditions of dilution are adopted or excess of 
o-thiolbenzoic acid is used, another product is always simultaneously 
formed. This substance is now shown to be the coumarin, which 
is produced by further condensation of ethyl acetoacetate with the 
oxythionaphthen, the reaction being analogous to that which takes 
place between the ester and a-naphthol. The coumarin may be 


A~\ , 
| — + CH,-CO-UH,*CO,Et = 


vy 
O 
(\— ‘90 + H,0+ EtOH 
iit, ie me 
| 
CH, 


- exclusively obtained from the thiolbenzoic acid and the ester if 
the latter is present in considerable excess; moreover, the same 
substance is readily prepared by the separate condensation of 
3-oxy(1)thionaphthen and ethyl acetoacetate. 

Attention was next turned to the case of acetylacetone, and it 
has been found that, using equimolecular proportions of thiol- 
benzoic acid and this ketone, almost quantitative yields of oxythio- 
naphthen are formed. 

Now, in the three cases of ethyl malonate, ethyl acetoacetate, 
and acetylacetone it is evident that, according to the mechanism 
which is assumed to operate, the carbethoxy- or acetyl derivatives 
of oxythionaphthen would be formed in the preliminary stage of 


Ca< es R=-CO,Et or -CO-CH, 


the reaction, these substituent groups being ultimately removed by 
the hydrolytic action of the hot sulphuric acid. Attempts to con- 
firm this by isolating the diacetyl or carboxyl derivatives through 
modifying the conditions of reaction were unsuccessful, hence ex- 
periments were made with other diketones which contain groups 
less liable to hydrolysis. 

In these experiments, the behaviour of dibenzoylmethane and 
of benzoylacetone were examined. By preserving a suitable 
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temperature during the interaction in order to avoid the hydro- 
lysis of the benzoyl nuclei, excellent yields of dibenzoyloxythio- 
naphthen (I) were obtained from the former substance, whilst the 
latter ketone, under similar conditions, furnished the monobenzoyl 
derivative (II), the acetylbenzoyl derivative (III) not being 
observed in the product of reaction: 


CH <O>Be, OH <CO>0nBz 0,8, <OO>CAcBz. 
(I.) (IL.) (III.) 

It will now be clear, without further comment, that these facts 
support the hypothesis previously advanced to explain the course 
of the condensation. Finally, it may be mentioned that further 
experiments have been made on the condensation of o-thiolbenzoic 
acid with other substances, such as ethyl methylacetoacetate, ethyl 
oxaloacetate, and acetonedicarboxylic acid. With these sub- 
stances and many others containing the *CO-CH,°CO- arrange- 
ment, the condensation can be effected, but the preliminary results 
obtained show that the reaction now recorded with simple sub- 
stances is by no means universal, and that in many cases the oxy- 
thionaphthen derivative is not formed. In fact, the course taken 
by the condensation varies with the constitution of the ketonic 
reagent employed, but the precise nature of the alternative 
reactions has not yet been fully investigated. 


ExPERIMENTAL. 


Methyl(1)thionaphthacoumarin.—The condensation of o0-thiol- 
benzoic acid with ethyl acetoacetate has been described in a 
previous communication (T., 1912, 101, 572). In those experi- 
ments, o-thiolbenzoic acid was treated with one and a-half times 
the equivalent proportion of the ester, with the result that 
3-oxy(1)thionaphthen was isolated, but was always accompanied by 
other products, which were not at the time fully investigated. It 
has now been found that, using a greater excess of the ester, the 
product is practically homogeneous. 

Five grams of o-thiolbenzoic acid were suspended in 50 c.c. of 
concentrated sulphuric acid, and about two and a-half equivalent 
proportions of ethyl acetoacetate were slowly added. The mixture 
was maintained at 50—55° for about one hour, then the solution 
was cooled and poured over crushed ice. The insoluble product 
was collected, and, after repeated crystallisation from hot alcohol, 
the coumarin was obtained in pale buff-coloured prisms, melting at 
164—165°: 


0°1069 gave 0°2606 CO, and 0:0374 H,O. C=664; H=3°8. 
4Rr* 2 
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The same substance was prepared by the condensation of 
3-oxy(1)thionaphthen with rather more than one equivalent pro- 
portion of ethyl acetoacetate in sulphuric acid at 50—55°. In 
this case, the method of isolation and purification was the same as 
that described above: 

0°1144 gave 0°2796 CO, and 0°0418 H,O. C=666; H=4°0. 

C,,H,0,8 requires C=66°6; H=3'7 per cent. 

The yield of crude product obtained from both methods was 
about equal to that demanded by theory. 

Methyl(1)thionaphthacoumarin is insoluble in hot water and 
sparingly so in cold alcohol and the usual organic media. When 
heated with highly concentrated aqueous sodium hydroxide it 
yields oxythionaphthen. 


Condensation of o-Thiolbenzoic Acid with Acetylacetone. 


Ten grams of o-thiolbenzoic acid were suspended in 100 c.c. of 
concentrated sulphuric acid, and acetylacetone in amount corre- 
sponding with one molecular proportion was gradually added. 
After heating the mixture for three-quarters of an hour at 50°, all 
the thiolbenzoic acid had passed into solution, and the reaction 
was complete. The solution was then poured over crushed ice, 
and the precipitated oxythionaphthen was subsequently removed 
by a current of steam. The yield was more than 90 per cent. of 
the theoretical. The product was identified as 3-oxy(1)thio- 
naphthen by means of its characteristic physical and chemical 
properties. 

2: 2-Dibenzoyl-3-ory(1)thionaphthen._Five grams of o0-thiol- 
benzoic acid were suspended in 50 c.c. of concentrated sulphuric 
acid, and 8 grams of finely powdered dibenzoylmethane were gradu- 
ally added to the mixture. When this was heated to about 50° 
interaction took place, with the evolution of sulphur dioxide, and 
after about three-quarters of an hour the condensation was com- 
plete, and all the thiolbenzoic acid had passed into solution. The 
mixture was then cooled and poured over crushed ice, and when 
the precipitate had completely solidified it was collected and 
erystallised from alcohol : 

0°1157 gave 0°3120 CO, and 0°0441 H,O. C=73'5; H=4:2. 

C..H,,0;S8 requires C=73'7; H=3-9 per cent. 

The substance possesses a characteristic odour. It forms orange- 
brown needles, which melt at 79°, and are sparingly soluble in cold 
alcohol and readily so in the hot medium. It is readily attacked 
by fused alkali hydroxide, yielding 3-oxy(1)thionaphthen. 
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2-Bensoyl-3-oxy(1)thionaphthen, C,H,<CO>CH-C0-0,H,, 


Five grams of o-thiolbenzoic acid were suspended in 50 c.c. of 
concentrated sulphuric acid, and 6 grams of benzoylacetone were 
added. The mixture was treated in the same manner as described 
in the foregoing paragraph in the case of the dibenzoyl derivative ; 
also the mode of isolating the product was similar: 

0°1182 gave 0°3056 CO, and 0°0410 H,O. C=70°5; H=3'8. 

C,;H,,0.S requires C=70°8; H=3°9 per cent. 

2-Benzoyl-3-oxy(1)thionaphthen forms dark orange needles, 
which melt at 115°, and are sparingly soluble in cold alcohol or 
boiling water. Ferric chloride when added to the alcoholic solu- 
tion produces a greenish-brown coloration. The substance is 
readily attacked by sulphuric acid at about 75°, yielding “thio- 
indigo.” The sodium salt is yellow, and is sparingly soluble in 
cold water and readily so in the hot medium. 


Condensation of o-Thiolbenzoic Acid with Ethyl Oxaloacetate. 


o-Thiolbenzoic acid was treated with an excess of ethyl oxalo- 
acetate in sulphuric acid at 45—50° for about a quarter of an 
hour. The product, which was isolated in the usual manner, was 
obtained in orange needles by crystallisation from hot acetone or 
acetic acid; it melted and decomposed at 186—187°, and on being 
treated with alkali hydroxide yielded a red salt, which was not 
decomposed by carbonic acid. The following analyses were made 
with different samples from different sources, crystallised respec- 
tively from acetic acid and acetone: 

0°1212 gave 0°2400 CO, and 0°0362 H,O. C=54:0; H=3°3. 

01123 ,, 0°2249 CO, ,, 0°0353 H,O. C=53°9; H=3'1. 

The nature of this substance has not yet been determined, but 
attempts to isolate the oxythionaphthen complex from it have not 
been successful. For the present, the further investigation of this 
and similar products from other ketonic substances has been inter- 
rupted, but will be continued at a future time. 
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CLIIL.—New Halogen Derivatives of Camphor. 
Part I. a'-Chlorocamphor*; with a Note on 
Isomerism, Static and Dynamic. 


By Tomas Martin Lowry and Victor STEELE. 


In putting forward the first of a series of papers describing a 
number of new halogen derivatives of camphor, we wish to express 
our great indebtedness to Professor Kipping. He has most 
generously allowed us to take up a research in which he had already 
developed the general method of investigation, leaving only the 
detailed applications to be worked out. By making use of Pro- 
fessor Kipping’s method, supplemented by some additional devices 
for fractionating the crude product, we have been able to isolate 
for the first time one of the a’-mono-derivatives of camphor, 
namely, a’-chlorocamphor. a/-Bromocamphor, to the separation of 
which Kipping devoted much more attention, is less easy to 
isolate, and we have not yet been able to prepare it in a pure 
state; but the dihalogen derivatives, as Kipping had told us would 
be the case, have proved much more promising, and we anticipate 
that several members of the series may be prepared and separated 
without difficulty as time and material become available. 


a!-Derivatives of Camphor. 

The existence of two series of ortho-derivatives of camphor has 
long been known. As long ago as 1890, Marsh (T., 1890, 57, 828; 
1891, 59, 968) obtained two isomeric products by the action of 
bromine on camphor in alcoholic solution, and suggested that these 
might be regarded as stereoisomerides, which could be converted 
into one another by the intervention of an unstable enolic form. 

A few years later one of us discovered (T., 1898, 73, 569) that 
the beautiful crystals obtained by the action of bromine on 
a-chlorocamphor were not a single substance, but an isomorphous 
mixture of two isomeric compounds. A similar isomorphous mix- 
ture was obtained by chlorinating a-bromocamphor. The two com- 
ponents of these mixtures were stable substances which could be 
separated in part by prolonged fractional crystallisation. The 
extreme fractions gave the following rotations: 


a’-Chloro-a-bromocamphor, a-Chloro-a’-bromocamphor, 
[a], + 64°. [a], + 10°. 


* Compare Preliminary Note on ‘‘A New Chlorocamphor” (P., 1914, 
80, 201). 
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but there was no evidence that the fractionation was complete even 
after twenty-six successive crystallisations; these numbers must 
therefore be taken as giving only a minimum and a maximum 
value for the rotatory power of the two compounds. 

Shortly afterwards it was found that mixtures of isomerides 
were also produced by the action of halogens on nitrocamphor, but 
these were not isomorphous, and could be separated in the ordinary 
way by fractional crystallisation. Their properties were as 
follows: 

M. p. [a]. 


{ a-Chloro-a -nitrocamphor 95° — 5° 
a’-Chloro-a-nitrocamphor 132 +13 


fe-Bromo-a’-nitrocamphor 107° —22° 
\«’-Bromo-a-nitrocamphor 106 +53 

These were the first pairs of stereoisomeric derivatives to be 
isolated in a pure state, but other pairs were separated shortly 
afterwards by Haller and Minguin (Compt. rend., 1901, 183, 79) 
and by Forster (T., 1902, 81, 160). These aa/-di-derivatives of 
camphor are very stable, and do not, as a rule, pass into one 
another under the influence of heat or of acids;* a solitary excep- 
tion is found in the case of a-bromo-a/-benzoyleamphor, which 
undergoes isomeric change in presence of fuming hydrobromic 
acid ¢ (Forster, loc. cit.), although no corresponding change could 
be brought about in the case of the chloro-compounds. 

Whilst these di-derivatives are very stable, the conversion of 
crude a/-bromocamphor into a-bromocamphor can be brought about 
quite readily, for example, by distilling under atmospheric pressure 
(Marsh, loc. cit.), or, still more easily, by the action of alcoholic 
potassium hydroxide (Armstrong, Chem. News, 1878, 87, 4), 
whereby the crude product of bromination can be made to give an 
almost quantitative yield of a-bromocamphor. This isomeric 
change was always supposed to be complete and non-reversible until 
Kipping, in 1905 (P., 1905, 21, 125), made the important dis- 
covery that pure a-bromocamphor dissolved in alcohol underwent 
isomeric change on the addition of a small quantity of alkali, 
giving rise to a product of lower rotatory power. By the addition 
of acid, the isomeric change could be suspended, and the two 
isomerides separated by fractional crystallisation. Preliminary 
experiments gave a product in which the rotatory power had been 
reduced from [a], +135° to [a], +38°5° in alcoholic solutions, as 
contrasted with [a],, + 40°, +34°9°, and +29°4°, three values given 
by Marsh for the product of low rotatory power obtained by the 

* Alkalis cannot easily be used as the di-derivatives are very quickly 


reduced, for example, by alcoholic potassium hydroxide. 
+t Compare the conversion of aa’- into a8-dibromocamphor. 
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direct bromination of camphor. A similar isomeric change was 
detected in a-chlorocamphor, but no attempt was made to carry 
through to completion the task of separating the isomeride of 
lower rotatory power which had been formed in the alkaline 
solution. 

The formation of this isomeride has the effect of increasing the 
apparent solubility of the original compound, that is, a larger 
quantity dissolves in an alkaline than in a neutral solution. It 
may be assumed, as a first approximation, that the increased 
concentration of the solute is caused directly by the presence of the 
isomeride; it is then possible to deduce the relative proportions 
of the original compound and of its isomeride when equilibrium is 
attained in the presence of alkali. It is also possible to deduce 
one of the constants of the unknown isomeride, namely, its specific 
rotatory power, from polarimetric observations of the saturated 
solutions. Observations made in this way (Lowry, T., 1906, 89, 
1033) showed the absence of isomeric change in the two compounds 

B-BrOHys<i° and r-C1OH <I ae 


On the other hand, the observations confirmed the occurrence of 
isomeric change in alkaline solutions of a-bromocamphor and 
a-chlorocamphor, as well as in four dihalogen compounds contain- 
ing the group -CHBr-CO- or -CHCI-CO-. In these six cases, it 
was also possible to predict the specific rotatory power that might 
be anticipated for the unknown a/-compounds. It is scarcely 
necessary to add that these predictions required to be confirmed 
by actual measurements made with the pure compounds, and that 
each compound of the series could only be regarded as still un- 
known until it had been separated from its solutions in a pure 
state and subjected to the usual determinations of melting point, 
solubility, etc. It is this separation and detailed examination that 
Professor Kipping has now allowed us to take over at the point to 
which he had carried it by his own experiments. 


Preparation of a!-Chlorocamphor. 


The amount of a/-chlorocamphor produced by the action of an 
alkali on a-chlorocamphor only amounts to about 12 per cent. of 
the total weight of substance in solution (Lowry, T., 1906, 89, 
1033). It is therefore important to allow it to accumulate, and to 
recover the unchanged a-chlorocamphor as quickly as possible. 
This can be done by establishing a condition of equilibrium in a 
hot solution, then arresting the isomeric change by the addition 
of an acid, and crystallising out a large crop of unchanged 


| 
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a-chlorocamphor by cooling the solution; in this way, much 
a-chlorocamphor is recovered at once, and a mother liquor is 
obtained which contains the two isomerides in approximately equal 
proportions. The method of working is as follows. 

One kilo. of a-chlorocamphor is dissolved in 1 litre of 96 per 
cent. alcohol, recently boiled with potassium hydroxide and dis- 
tilled to remove impurities. After heating to boiling, 75 c.c. of 
N /10-sodium ethoxide are added, and the boiling is continued for 
half a minute; the solution is then acidified with dilute hydro- 
chloric acid,* and cooled quickly in ice-water. The chlorocamphor 
which separates is drained and weighed, and treated again in the 
same way, using proportional quantities of alcohol and of sodium 
ethoxide; this is repeated until the quantity of a-chlorocamphor 
recovered has been reduced to any extent that may be desired. 
The combined filtrates collected in Winchester quart bottles are 
then cooled in a freezing mixture to about —18°, in order to 
crystallise out a further quantity of achlorocamphor; when 
nothing more separates, the mixture is filtered rapidly, and the 
solid is washed with a little cold alcohol. The filtrate, which con- 
tains the whole of the a/-chlorocamphor, is distilled on a water-bath 
to remove most of the alcohol, and set aside in a basin to crystallise. 
The brownish-yellow cake which forms is broken up, placed on a 
Biichner funnel, pressed down first, and afterwards drained for an 
hour or more by the suction of a filter-pump. This removes most 
of the dark liquid, and leaves a residue of crude a/-chlorocamphor. 
This is freed from a further quantity of a-chlorocamphor by dissolv- 
ing in an equal weight of alcohol and cooling again to —18°; after 
filtering quickly from a-chlorocamphor, the filtrate is concentrated, 
and the solid which separates is broken up and drained as before. 
The a/-chlorocamphor which is obtained in this way is not quite 
pure, but it melts at 114°, and gives [a],,¢, + 62° in alcohol, whilst 
a-chlorocamphor melts at 94°, and gives [a];4¢, +119°. The dark- 
coloured residues can be purified by distillation under diminished 
pressure, and are then quite as good as the solid product from 
which they were drained. 

Further purification was effected as follows: 


(1) The material, purified as above, gave m. p. 114°, [a]g4¢; + 62°. 
(2) After one further crystallisation it gave m. p. 117°, 
[@]s461 + 53°. 


* Owing to the reducing action of the sodium ethoxide, the solution 
becomes neutral to litmus after boiling for half a minute; the acid is 
therefore added mainly as a precaution to prevent reversion. The sodium 
chloride produced by reduction separates out and adheres to the flask when 
the solution is concentrated, whilst the camphor distils over with the alcohol. 
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(3) After a second further crystallisation it still gave m. p. 117°, 
[a@]ssa, +53°, and appeared, therefore, to be almost pure. 

(4) The product, however, gave a rotatory dispersion which 
differed slightly from the simple law, suggesting incomplete puri- 
fication, and it did not appear quite uniform when crystallised 
from alcohol. It was therefore dissolved again in an equal weight 
of alcohol, and cooled once more to —18°. This final freezing 
removed almost the whole of the unchanged a-chlorocamphor, since 
the crystals obtained after draining off the solid and concentrating 
the filtrate melted at 117° and gave [a]s4¢; +46°, [a]szg +37°, and 
could not be resolved by any further process of fractionation. 

(5) Thus no alteration was produced by recrystallisation, and 
when the product was divided into two portions, by distilling under 
diminished pressure, both portions still melted at 117°, and gave 
[a]}s461 + 46°, [a]s7e9 + 37°. 

It should be noticed that a constant melting point was obtained 
when the product still contained 10 per cent. of unchanged 
a-chlorocamphor, but that the rotatory power provided a much 
more delicate test of purity. The effect of freezing the alcoholic 
solutions is also very remarkable, not only in the preliminary puri- 
fication, but also in the removal of the last portions of a-chloro- 
camphor; this remarkable effect is, however, quite in line with 
the extraordinary difference in solubility between the two stereo- 
isomerides at atmospheric temperatures. 


Properties of a!-Chlorocamphor. 


General Properties—Although it melts at 117°, as compared 
with 94° for the ordinary form of chlorocamphor, the a/-compound 
is a soft, camphor-like substance, which separates from alcohol in 
feathery crystals, and is extremely readily soluble in all the 
ordinary solvents, except water and formamide; the latter com- 
pound cannot be used as a solvent, however, because the traces of 
free ammonia which it may contain cause the a/-compound to 
revert to the more stable form of a-chlorocamphor. Whereas 
1 gram of 99°5 per cent. alcohol dissolves only 0°159 gram of 
a-chlorocamphor at 20°, giving a solution of density 0°825, a single 
gram of 96 per cent. alcohol dissolves 2°2 grams of a/-chlorocamphor 
at 18°, giving a solution of density 0°99. After keeping for some 
weeks, a/-chlorocamphor usually acquires a pungent odour, owing 
to the liberation of hydrogen chloride: 

0°2797 gave 0°2143 AgCl. Cl=18°95. 

C,)H,;OCl requires Cl=19°04 per cent. 

Rotatory Power.—The rotations given in the preliminary note 

refer to a specimen which had been crystallised to constant melt- 
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ing point, but still contained about 10 per cent. of a-chlorocamphor. 
The following figures are for a specimen which had been purified 
as described above until the rotatory power was also constant: 


& 4358 

Li 6708. Na 5893. Hg 5780. Hg 5461. Hg 4358. a g4g' 
a-Chlorocamphor + 70° 97° 102-5° 119-2° 243° 2-039 
a’-Chlorocamphor + 23° 35° 38° 47° 129° 2-761 


These values are the specific rotations for solutions in 95 per cent. 
alcohol, 5 grams per 100 c.c., at 20°, as determined in a 2-dem. 
tube. For testing the form of the dispersion curves, it will be 
necessary to make fresh series of observations, with longer columns 
and more concentrated solutions; this work will form part of a 
separate investigation on the rotatory dispersion produced by 
camphor and some of its derivatives. In the meantime, it may be 
noticed that the specific rotatory power for sodium light, 
[a], +35°, agrees very closely with the prediction made nine years 
ago, which gave a maximum value [a], + 34° for the specific rota- 
tory power under somewhat different experimental conditions. 
Isomeric Change and Mutarotation.—When a drop of alcoholic 
sodium ethoxide is added to a saturated solution of a’-chloro- 
camphor in alcohol, isomeric change takes place rapidly, with 
/ evolution of heat, and the liquid sets to a solid mass of crystals, 
which melt at 94°, and are identical with ordinary a-chlorocamphor. 
The mutarotation observed by Kipping in alkaline solutions of 
a-chlorocamphor has its counterpart in the following observations. 
Using 1 per cent. solutions in 96 per cent. alcohol in 2-dem. tubes 
at 22°, the following readings were obtained : 


bed 5461" 
i After 
Without adding 
alkali. alkali. 
a-Chlorocamphor ...... +2-42° + 229°) 
a’-Chlorocamphor ...... +0-92° + 2-28° / 


Mutarotation in the presence of alkali therefore converts each sub- 
stance into the same mixture of isomerides in equilibrium. 

) Bromination.—a'-Chlorocamphor when brominated behaves in 
just the same way as a-chlorocamphor, and gives rise to an iso- 
morphous mixture having precisely similar properties. Thus, when 
the two substances were brominated under similar conditions, the 
product after one crystallisation from alcohol melted in each case 
at 55—58°. 0°69 Gram of each product was made up to 25 c.c. 
with chloroform, and examined in a 2-dcem. polarimeter tube at 
21°; the specific rotations of the products were as follows: 


a-Chlorocamphor brominated gave [a], +52-2° 
a’-Chlorocamphor brominated gave [a], +52-5°. 
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The maximum and minimum values observed previously for these 
isomorphous mixtures were: 
a’-Chloro-a-bromocamphor........+++++++ [a], +64° 
a-Chloro-a’-bromocamphor.........+.++++ [a], +10° 
The fact that these two components are produced in equal quanti- 
ties affords strong confirmation of the theory of Lapworth (T., 
1904, 85, 30), according to which the replacement of hydrogen by 
halogens in ketonic compounds is preceded by the addition of the 
halogen to an enolic isomeride of the ketone. In the present case, 
the action would be formulated as follows: 


H oe 
OH <i c en CHi< hyo 
> — < . 
a-Chlorocamphor. C.H ew aa ——- 
8 MNC-0H me 
C Cl ill Common enolic form. ~ CH C<pr 
O.H,,.<1H sHu<C0 
Co a’a-Chlorobromo- 
a’-Chlorocamphor. camphor. 


If it be assumed that the substance actually brominated is a 
common enolic form, the identical proportions of the isomeric pro- 
ducts in the two cases is easily understood ; apart from this hypo- 
thesis, it would be very difficult to explain the fact that the posi- 
tion occupied by the chlorine in the orginal compound has no 
effect whatever on its position in the bromination product, and 
that the bromine distributes itself between the a- and a’-positions 
entirely without regard to the presence or absence of chlorine in 
these positions. It will be of interest, when we have been able to 
isolate a/-bromocamphor in a pure state, to determine whether a 
similar statement can be made in reference to the chlorination of 
the isomeric bromocamphors; in the meantime, it is of interest to 
recall the fact that more bromine appears in the a-position when 
this is already occupied by chlorine, as in the bromination of 
a-chlorocamphor ([a], + 51°) than when the whole of the bromine 
is initially in the a-position, as in the chlorination of a-bromo- 
camphor ([a],, + 26°). 

Nitration—It has been shown (T., 1898, 73, 986) that whilst 
the chlorination and bromination of nitrocamphor give mixtures 
of stereoisomerides, the converse process of nitrating a-chloro- 
camphor and a-bromocamphor gives rise in each case to a product 
which appears to be almost, or perhaps quite, free from the less 
known stereoisomeride. It was of interest to find out whether this 
difference depended on the inability of the nitro-group to displace 
a halogen already attached firmly in the a-position, or whether it 
depended on some difference of mechanism in the processes of 
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chlorination or bromination and of nitration, whereby the former 
gave rise to a mixed, and the latter to a homogeneous, product. 
In the first experiment, a/-chlorocamphor, not fully purified, was 
boiled with 50 per cent. nitric acid in the usual way; the crude 
product of nitration melted at 115—120°; after one crystallisa- 
tion it melted at 125—129°, whilst a third crystallisation gave the 
normal melting point, 132°, of pure a’-chloro-a-nitrocamphor. A 
second experiment with pure a/-chlorocamphor gave a crude pro- 
duct, which melted already as high as 130°. It is therefore clear 
that only one product is formed by the nitration of a/-chloro- 
camphor. The contrast between the action of bromine and of 
nitric acid is extremely striking. In the former case, an identical 
mixture of the stereoisomerides aa’- and a/a-chlorobromocamphors is 
produced from a- and from a/-chlorocamphor; in the latter case, 
a-chlorocamphor gives only a-chloro-a/-nitrocamphor, and a’/-chloro- 
camphor gives only a/-chloro-a-nitrocamphor. In view of these 
facts, it is difficult to avoid the conclusion that whilst the bromina- 
tion depends on an indirect action of the halogen on an enolic 
isomeride, the nitration depends on some more direct action on 
the ketones themselves. This view also we hope to be able to test 
by experiments on the nitration of the two bromocamphors as 
soon as these are available. 


A Comparison with Acetoacetic Ester. Isomerism, Static and 
Dynamic. 


It is difficult to avoid making a mental comparison of our 
observations with the recent experiments of Knorr on the mixture 
of isomerides, which goes by the name of ethyl acetoacetate. It 
will be remembered that Knorr succeeded in freezing out the 
ketonic constituent of this ester, and then isolated the enolic iso- 
meride by combining the ester with sodium and acidifying 
cautiously at low temperatures. In the case that we have studied, 
the more stable compound has long been known, but manipulation 
with acid and alkali has again resulted in the separation of a less 
stable isomeride. In both cases it is found that some reagents 
yield identical products with both isomerides, whilst other reagents 
act differently; and in both cases there is a tendency for the two 
isomerides to come to a condition of equilibrium in solution or in 
the liquid state, and to pass completely into the less soluble (and 
therefore more stable) isomeride when this is allowed to crystal- 
lise out. There is probably even an identity of mechanism in the 
two cases, in that the isomeric changes studied by Knorr involve 
a simple keto-enolic transformation, whilst we are probably con- 
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cerned with a double keto-enolic transformation, whereby one 
ketone is brought into equilibrium with a second. 

In spite of these very close analogies, there is an important 
difference in the way in which the compounds are named and 
described. a-Chlorocamphor and a’-chlorocamphor have every 
claim to be described as isomeric compounds, differing from one 
another in much the same way as borneol and neoborneol, dextrose 
and galactose, or dextrose and mannose. The two compounds 
studied by Knorr are often loosely described as “tautomeric,” a 
term which was defined by Laar as meaning that the compounds 
represented by two alternative formule are “not isomeric, but 
identical.” This state of affairs may still be postulated in refer- 
ence to the 1: 2- and 1: 6-di-derivatives of benzene; but to apply 
the term to Knorr’s isomerides involves a complete reversal of the 
meaning of the word, since Laar himself insisted that “tauto- 
merism ” was a totally different phenomenon from the reversible 
isomeric changes which Butlerow had studied some years earlier. 
Such attempts to alter the meaning of a word have always led to 
confusion; in the present case the confusion is all the worse, 
because no exact or authoritative definition has yet been given of 
the altered meaning that it is proposed to assign to the word; it 
is, in fact, quite impossible at the present moment to decide 
whether any particular case of isomerism should be regarded as 
falling within or without the scope of the new tautomerism. 

The problem of creating a boundary between isomerism and neo- 
tautomerism, or alternatively of discovering some new method of 
segregating the more labile types of isomerism, is of special interest 
in connexion with the compounds described in the present paper, 
since it is clear that the relationship between a- and a’-chloro- 
camphor would place these compounds in the very centre of the 
disputed territory, and that they might well form a test case as 
to the possibility of defining an exact frontier line. 

Briefly, it may be said that the majority of cases of isomerism 
are static in character, that is, the differences of structure are 
permanent, and the isomerides are not capable of passing over into 
one another; but it sometimes happens that the isomerism may 
become dynamic, that is, there is set up a condition of equilibrium 
between isomerides which was clearly described by Butlerow in 
1877, eight years before the appearance of Laar’s first paper. 
Three conditions are commonly needed to create this dynamic con- 
dition. In the first place, the isomerides must be related to one 
another in such a way that the rearrangement of molecular struc- 
ture can be effected by some very simple mechanism, for instance, 
addition and removal of water, simultaneous oxidation and reduc- 
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tion, bromination and reduction, methylation and demethylation, 
or the like. In the second place, the compounds must be in the 
fluid state, as liquid, solution, or vapour, primarily in order that 
chemical change may be enabled to proceed, but also because a 
complete conversion into the solid compound of lowest fusibility, 
solubility, or volatility, would sooner or later terminate the 
dynamic condition; thus, the dynamic equilibrium between 
almmonium cyanate and urea ceases when the solution is evaporated 
to dryness. In the third place, it is usually (perhaps always) 
necessary to add a catalyst either casually or deliberately to initiate 
the change. ‘he name “dynamic isomerism” covers in the 
broadest possible way all cases in which isomerism acquires dynamic 
in place of static qualities, and we are convinced that this broad 
generalisation is the only logical method of classification. This has 
indeed been recognised by several workers who have looked into the 
question carefully, and have found themselves obliged gradually to 
extend the meaning of the word “tautomerism ”’ until it covers all 
cases of isomeric change in which reversal can be detected, and 
thus becomes almost synonymous with “dynamic isomerism.” 
More usually, however, some vague boundary is set up whereby 
compounds which undergo isomeric change are classified as 
“isomeric”’ or ‘“‘ tautomeric,” according to the feeling of the in- 
dividual worker, without regard to any exact definition. Such a 
classification may be based on: (1) nomenclature; (2) stability; 
(3) catalysis; (4) reactivity; (5) mechanism; but in our opinion it 
is only the last of these that has any real value, or is likely to be 
of permanent signiticance. 

(1) Nomenclature.—Although the most vague, this is un- 
doubtedly one of the most powerful factors in everyday methods 
of classification. Thus, apart from a wide difference in melting 
points, the dynamic equilibrium of carbamide and ammonium 
cyanate is of just the same type as that of acetoacetic ester in its 
ketonic and enolic forms; but popular feeling is reluctant to 
describe as ‘ tautomeric’’ two compounds having such well-defined 
names and functions as ammonium cyanate and carbamide, with 
the result that an artificial distinction is created for which there 
is no obvious experimental basis. A similar reluctance to apply 
the word “tautomeric” exists in many other cases (such as a- and 
B-glucose, normal and y-nitrocamphor, a- and a/-bromocamphor) in 
which the recognition of two components in a mixture was 
followed, not necessarily by their isolation, but by the naming of 
the components as distinct chemical compounds. The name 
“tautomeric” is, in fact, generally used in a quasi-historical sense 
to describe those mixtures of isomerides which had been investi- 
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gated, but not resolved, at the time when Laar put forward his 
hypothesis, together with other compounds which are obviously of 
a similar type. 

(2) Stability —The whole system of nomenclature and classifica- 
tion is dominated in a remarkable way by the factor of tempera- 
ture. Thus it is very unusual to describe as “tautomeric ” those 
isomeric substances which can be collected and stored in separate 
bottles; it has indeed been formally proposed (by Hantzsch) that 
all these substances should be transferred to a separate class and 
described by a different name. It is on these grounds that the 
two chlorocamphors which form the subject of the present re- 
search will rost easily establish their claim to be described as 
“isomeric” rather than “tautomeric”; but if the melting points 
were 100° lower, or the atmospheric temperature 100° higher, we 
should be dealing with fluid compounds, and the alkali of the 
glass would suffice to bring them sooner or later to a condition of 
dynamic equilibrium absolutely identical with that which prevails 
in acetoacetic ester. This relationship is the more obvious in view 
of the fact that the whole of Knorr’s work on this ester depended 
on lowering the temperature artificially from +20° to —80°, and 
that it was only the difficulty and expense of maintaining this 
condition that prevented him from storing the ketonic and enolic 
isomerides for an indefinite period. The artificial character of 
these circumstances scarcely needs to be emphasised, but they are, 
nevertheless, amongst the most important factors in present-day 
nomenclature and classification. 

(3) Catalysis —Isomeric change is controlled very largely by the 
influence of catalysts. In the case of a- and B-glucose, the water 
used as a solvent appears to be sufficient to bring about a condi- 
tion of equilibrium within a few hours, although even in this case 
it is probable that dextrose and water of the highest degree of 
purity would not interact. In the case of nitrocamphor in an 
inert solvent, alkali of a concentration WV /10,000,000 appears to 
be needed. The two chlorocamphors now described become inter- 
convertible in presence of V/1000- to V/100-alkali, smaller quanti- 
ties being eliminated in combination with chlorine before they 
have had time to establish a condition of equilibrium. In the 
case of dextrose, mannose, and levulose, the prolonged action of 
strong alkali is needed to bring about isomeric change in the 
cold, whilst gluconic and mannonic acids require prolonged heat- 
ing with quinoline at 150°. Finally, cases may even exist in which 
fusion with potassium hydroxide would be necessary to establish 
a condition of equilibrium between isomerides. Similar statements 
may be made in reference to acid catalysts, the requirements rang- 
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ing from nil (?%) in the case of dextrose, and a mere trace in the 
case of nitrocamphor, to 60 per cent. sulphuric acid in Butlerow’s 
experiments on the isodibutylenes, or a_ hot, concentrated, 
sulphonating mixture in the case of the sulphonic acids studied by 
Moody and by Harker. 

In this connexion, the attempt to create a boundary has usually 
taken the form of describing as “tautomeric” those compounds 
which change into one another “spontaneously,” and as “iso- 
meric” those compounds which only change into one another when 
a catalyst is deliberately added. In view of the universal presence 
of alkalis in the dirt of the laboratory, as well as in glass and 
porcelain apparatus, there are great practical difficulties in the way 
of basing an exact definition on the accidental presence or absence 
of a catalyst. Thus, in the case of the compounds now described, 
a- and a/-chlorocamphor can be crystallised without risk if the 
solutions are slightly acid; but now and then we have lost a batch 
of a/-chlorocamphor by reversion to the less soluble a-compound, 
because we-had not taken sufficient precautions to guard against 
accidental alkalinity; crystallisation from formamide has proved 
impracticable, because basic impurities constantly threaten to pro- 
duce reversion. In the case of a/-bromocamphor, on which experi- 
ments are still in progress, we have even spoiled one of our pre- 
parations by distilling it from a new flask without taking the pre- 
caution of washing the alkali from the surface. Observations such 
as these have confirmed us in the conclusion, already reached from 
the study of nitrocamphor and similar compounds, that no classifi- 
cation of isomeric changes can be satisfactory which depends, 
consciously or unconsciously, on the nature or quantity of the 
catalyst needed to bring about the change, or on the presence or 
absence of this catalyst in the ordinary dirt of the laboratory. 

(4) Reactivity —One of the most hopeful attempts to create a 
new definition of tautomerism* is that which suggests that a 
“tautomeric” substance in the liquid state or in solution is “a 
mixture of two isomeric compounds which can react as if it con- 
sisted wholly of one compound or of the other.” As a description 
of the properties of certain types of compounds such a statement 
is perfectly correct; but it cannot be made the basis of an exact 
definition, as the property of acting in the same way or in different 
ways is quite as much a property of the reagent as of the isomeric 
compounds on which it acts. Thus towards alkaline reagents, the 
stereoisomeric chlorocamphors, being in equilibrium with one 
another, must exhibit similar or identical reactions; in acid solu- 
tions, isomeric change is suspended, and the two compounds may 


* Compare, for instance, Holleman’s ‘‘ Organic Chemistry.” 
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react quite differently; in actual fact, they give totally different 
products with nitric acid, whereas with bromine they react as if 
they were, in the words of Laar’s definition, “not isomeric, but 
identical.” This difficulty is, however, not at all new, as it was 
recognised clearly by Butlerow several years before the theory of 
“tautomerism” had been put forward. Thus, as long ago as 
1873, Butlerow showed that pure tert.-butyl alcohol gives iso- 
butyric acid when oxidised with a mixture of chromic -and 
sulphuric acids; under these conditions, tert.- and iso-butyl alcohols 
are convertible into one another, and might be described as “ tauto- 
meric” in the sense of the definition suggested above; but in the 
absence of sulphuric acid the alcohols are no longer convertible, 
and the oxidation proceeds normally. At the other extreme, 
Knorr has shown that the two components of acetoacetic ester are 
not “tautomeric” in the sense of showing identical chemical re- 
actions, since they behave differently towards ferric chloride, and 
would no doubt differ still more widely if experiments were made 
at lower temperatures. Again, it is well known that the whole of 
the work of Kurt Meyer and his colleagues depends on the fact 
that ketonic and enolic isomerides are not “tautomeric” towards 
bromine, but behave as “isomeric” compounds, with widely 
different reactivities; here, again, a further fall of 100° in the 
temperature would probably suffice to render the isomerism almost 
completely static. 

The only logical conclusion is to recognise frankly that under 
suitable conditions almost any isomerism may become dynamic, 
provided that the changes of structure that are involved do not 
demand too complex a mechanism; on the other hand, even the 
most rapid isomeric changes may conceivably be arrested and the 
dynamic condition converted into one of static isomerism, for 
instance, by drastic purification. Any attempt to segregate the 
more facile isomeric changes and to transfer to them the name of 
“tautomerism” is, we are convinced, foredoomed to failure, and 
likely to increase rather than to diminish the uncertainty which 
already exists in the significance of this term as used by different 
writers. 

(5) Mechanism.—Whilst it is impossible to classify reversible 
isomeric changes according to their velocity or the conditions under 
which they occur, there is no difficulty in classifying them accord- 
ing to the changes of structure which are involved, and these 
changes may well be made the basis of a satisfactory nomen- 
clature. Nearly all the substances which Laar discussed (although 
he deliberately rejected the explanation of their special properties, 
which has now been proved to be correct) were compounds con- 
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taining a mobile hydrogen atom, which could be transferred very 
easily from one position to another; and, if only on historical 
grounds, it is to compounds such as these, and more especially to 
the still smaller group of keto-enolic isomerides, that the term 
“tautomeric” is most commonly applied; it is, indeed, a perfectly 
sound instinct that has caused the majority of chemists to refrain 
from applying the term to cases such as ammonium cyanate and 
carbamide, in which a totally different mechanism is involved. 
What is really needed, then, is a name which shall describe those 
cases in which “a definite grouping of atoms passes over into an 
isomeric grouping by a rearrangement of bonds consequent upon 
the displacement of a hydrogen atom.” This peculiar isomerism 
of the mobile hydrogen atom has been described by Jacobsen, in 
the terms set out above, as desmotropy. This term has been 
criticised on the ground that the Greek words cover one half of 
the definition, namely, the shifting of the bonds, and do not men- 
tion the other half, namely, the transference of the mobile 
hydrogen atom. A similar criticism has been made of the adjec- 
tive “isodynamic,” which has been defined (T., 1899, 75, 235) as 
an abbreviation for “ dynamically isomeric.” Such criticism would 
invalidate nearly all the terms that are used in chemistry, since it 
is almost impossible (except perhaps in German) to incorporate 
into a single word the whole of a complex definition; nor is it 
desirable that the attempt should be made, merely to obviate the 
trouble of looking up the original definitions. In our opinion, 
Jacobsen’s definition covers the ground quite satisfactorily, pro- 
vided that the distorted meaning which Hantzsch and Hermann 
tried to attach to it can be obliterated or forgotten. 

The close analogy, to which attention is now directed, between 
the two chlorocamphors and the two components of acetoacetic 
ester depends on the identity of the mechanism involved in the 
two cases. We are probably dealing here with a double keto-enolic 
transformation, the effect of which is to produce an interchange 
of a hydrogen and a chlorine atom, just as alkalis promote an 
interchange of hydrogen and hydroxyl in dextrose and mannose. 
This double transformation is naturally slower than many of the 
single transformations, and cannot be brought within the scope of 
Jacobsen’s definition of desmotropy; but it is typical of a large 
group of stereoisomeric changes which can be interpreted in the 
same way. These include the interconversion of fumaric and 
maleic acids, the racemisation of acids containing the group 


>0<ho H 3 recently discussed by McKenzie, the conversion of 
2 


a-tartaric acid into the meso-acid and then into racemic acid, of 
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dextrose into mannose and levulose, and, finally, of gluconic into 
mannonic and camphoric into isocamphoric acid. The slowness of 
these double changes, the fact that they must usually be stimulated 
by the deliberate addition of a catalyst, and the relative obscurity 
of the mechanism have saved most of these compounds from being 
described as tautomeric; under these conditions, it would be a 
pity to invent any new term to recall the fact that these isomerides 
may become interconvertible by a double keto-enolic trans- 
formation. 


Summary. 


(1) A detailed description is given of the preparation and 
properties of a/-chlorocamphor. 

(2) The relationship between a- and a’-chlorocamphor is 
analogous in many ways to that between the ketonic and enolic 
components of acetoacetic ester. 

(3) It is urged that the words tautomeric and desmotropic should 
be used in the sense of the original definitions. Tautomerism 
would then cover such cases as 1: 2- and 1: 6-dibromobenzene ; 
desmotropy would cover all cases in which there is a rearrange- 
ment of bonds consequent upon the displacement of a mobile 
hydrogen atom, whilst dynamic isomerism covers, broadly, all cases 
in which isomerism passes from a static to a dynamic condition. 


The work now described has been assisted by generous grants 
from the funds of the British Association, for which we desire to 
express our thanks. 


Guy’s Hosprrat, 
Lonpovn, S.E. [Received, July 8th, 1915.] 


CLIV.—Metallic Derivatives and Constitution of 
Guanidine. 


By Hans Krat. 


For some time the author has been engaged in the study of 
guanidine, in the hope of throwing light on its constitution (T., 
1913, 108, 1378; P., 1913, 29, 377). Owing to circumstances, the 
investigation must be abandoned for the present, but as certain 
results, not without interest, have been obtained, it seems desirable 
to publish them, notwithstanding the incomplete state of the work. 
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When crystalline guanidine (that is, the free base) is heated, it 
melts, and at 160° decomposes, with brisk evolution of ammonia 
and formation of melamine. When heated with a molecular pro- 
portion of potassium ethoxide, a trace only of ammonia is evolved 
at 160°, and at 200° the change is not complete; the residue now 
consists of monopotassium cyanamide. When two molecular pro- 
portions of the ethoxide are used, the change is similar to the last, 
and the residue is essentially dipotassium cyanamide, but on being 
acidified has a faint odour of hydrogen cyanide. 

Now cyanamide is tautomeric, having the forms CN-NH, and 
NH:C:NH, and in view of the acidity of the imino-group, its alkali 
derivatives are probably formed from the carbodi-imide tauto- 
meride. Since guanidine is more stable to heat in the presence of 
potassium ethoxide, and yields potassium cyanamide so readily, it 
is probable that a potassium derivative is first formed in which 
the hydrogen of an imino-group is replaced by the metal. 

When an aqueous solution of guanidine is boiled, there is 
immediate evolution of ammonia and carbon dioxide, with the 
formation of a trace of melamine. In order to ascertain whether 
hydrolysis takes place according to the equation 

CH;N; + 2H,O=CO, + 3NHs, 
or whether urea is formed as an intermediate product according 
to the equation 

CH;N; + H,O=CH,ON, + NHsg, 
a solution of guanidine was distilled until one molecular propor- 
tion of ammonia had been liberated. Carbon dioxide was evolved 
in such quantities as to form large crystals of ammonium carbonate 
in the side-tube of the flask; more than half the guanidine was 
recovered unchanged, and no urea could be detected. The hydro- 
lysis therefore takes place according to the former equation. 
Many statements as to the supposed occurrence of urea are 
probably due to the fact that, like that substance, both melamine 
and guanidine form sparingly soluble nitrates. 

It would not be correct to argue from the formation of a trace 
of melamine in these experiments that dissociation to ammonia 
and cyanamide precedes hydrolysis, because if such were the case, 
since the polymerisation of cyanamide in alkaline solution is 
very rapid, a larger proportion of melamine would have 
been obtained. This dissociation is no doubt a true secondary 
change, and supports the view that in neutral solution 
(that is, in solution where the alkalinity is due only to the 
guanidine itself) we have an isodynamic mixture of two forms, 
one of which is rapidly hydrolysed, whilst the other is to a slight 
extent dissociated. 
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Three tautomeric forms of guanidine are possible: 


NH, NH, . NH, 

20 ° | NH:C I 

emma? NH, CN <a 
A, B. Cd. 


The one usually written, A, has by no means been established, and 
preliminary experiments have given results opposed to the presence 
of two amino-groups in the molecule; thus, nitrous acid reacts 
slowly, and liberates nitrogen corresponding with no more than one 
of the three nitrogen atoms, even when excess of a strong acid is 
present, and all attempts to prepare a dihydrochloride, which 
should be obtained from so strong a base as guanidine if it had 
the constitution A, have been unsuccessful. 

The forms B and C are analogous to the constitutions suggested 
by E. A. Werner for thiocarbamide (T., 1912, 101, 2185) and for 
carbamide (T., 1913, 103, 1013), and their tautomerism is similar 
to that of cyanamide. It is now suggested that guanidine in solu- 
tion as the free base is a mixture of these isomerides in approxi- 
mately equal proportions, that strong acids increase the proportion 
of B, whereas alkali hydroxides increase the proportion of C. 

Thiele (Anmalen, 1898, 302, 334) has prepared and described a 
silver derivative of guanidine, to which he assigned the formula 
CH;N;Ag,,H,O, without, however, supplying any evidence of the 
presence of a molecular proportion of combined water in the com- 
pound; and Schenck (Arch. Pharm., 1909, 247, 466) has pointed 
out that, whilst the silver derivative prepared by Thiele’s method 
always shows a deficiency of silver, it furnishes by its reaction 
with methyl iodide a mixture of methylguanidine and s-dimethyl- 
guanidine. 

As the result of a large number of experiments, the author has 
obtained evidence of the existence of three silver derivatives of 
guanidine: (1) a mono-derivative, white and non-explosive; (2) a 
di-derivative, grey or black (when dried) and highly explosive 
when struck, or even rubbed ; (3) a yellow and non-explosive deriv- 
ative, no doubt identical with Thiele’s substance, and probably a 
molecular compound of (1) and (2). These derivatives are prob- 
ably derived from guanidine of configuration C. 

A preliminary study of the copper derivatives of guanidine also 
indicates the tautomerism of the latter; thus a well-defined, stable, 
green, copper compound, having the composition CH,N,Cu, has 
been obtained, and, under different conditions, an unstable, deep 
blue, crystalline derivative, the exact nature of which has not yet 
been established. 

The methyl derivatives of guanidine have been exhaustively 
studied by Schenck (Zeitsch. physiol. Chem., 1912, 77, 328; Arch. 
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Pharm., 1912, 250, 306). Whilst one must be cautious in draw- 
ing conclusions as to the constitution of a compound from the study 
of its derivatives, since the entry of new groups must materially 
effect the distribution of forces, yet it is interesting to note that 
the series of methylated guanidines which Schenck was unable to 
obtain, namely, those containing the system *C(NH,):N-CHs, is 
precisely the series that is not predicted by the constitutions B 
and @, neither of which contains the system *C-NH,-NH. 
Schenck’s results may all be explained by the constitutions put 
forward above, which, however, suggest the existence of isomerides 
containing the group -N(CHs)3. Isomerides of this type have not 
yet been recognised, but Schenck’s experiments were not suitable 
for their production, and the author’s experiments had to be 
abandoned. It is not surprising that trimethylamine does not 
directly unite with cyanamide, as even dimethylamine does so 
only with difficulty. 

The author claims to have obtained evidence that guanidine is 
tautomeric, and the constitutions B and C are put forward as its 
phases. These are in strict accordance with the relation of 
guanidine to cyanamide, and explain its hydrolysis, and its 
potassium, silver, copper, and methyl derivatives. Moreover, they 
explain why guanidine is never a di-acidic base, and why it never 
behaves as a di-amino-compound towards nitrous acid. 


EXxPERIMENTAL. 
Action of Heat on Guanidine. 


A solution of the free base was prepared by the interaction of 
guanidine hydrochloride and potassium hydroxide in alcoholic 
solution, care being taken to exclude every trace of moisture. 

Fifty c.c. of this solution (about WV/4) were distilled from a 
glycerol bath. Almost all the alcohol passed over below 100°, and 
no trace of ammonia. At about 160° there was brisk evolution of 
ammonia from the dry, solid residue, which melted and at once 
resolidified. On crystallisation from water, it was found to be 
melamine (normal melamine; compare P., 1913, 29, 377). 


Potassium Derivatives. 


Fifty c.c. of the same solution were mixed with one equivalent 
of potassium ethoxide in a small quantity of alcohol, and distilled 
as before, the distillate being passed into rather less than one 
equivalent of acid. At no time was brisk evolution of gas 
apparent, and the acid in the receiver was neutralised only when 
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the temperature of distillation reached 245°. The residue was 
found to be monopotassium cyanamide. 

The same experiment was repeated, using two equivalents of 
potassium ethoxide. Again only a trace of ammonia was liberated 
below 160°, but even at 200° the residue in the flask was liquid, 
and did not completely solidify on cooling. Without further ex- 
periment, therefore, it is not certain that guanidine forms a di- 
potassium derivative, although decomposition appeared to be 
slower than with one equivalent of alkali. The residue again dis- 
solved’ in a few drops of water, and gave a copious precipitate of 
yellow silver cyanamide with ammonio-silver nitrate. On acidifi- 
cation of a portion of the residue there was no effervescence, show- 
ing the absence of carbonate, but a faint odour of hydrogen cyanide 
was perceived. 

Hydrolysis of Guanidine. 


A solution of 3 grams of guanidine in 100 c.c. of water was 
distilled into one equivalent of dilute acid until neutral. The 
residue was then neutralised with hydrochloric acid, evaporated to 
dryness, and extracted with absolute alcohol. Half the guanidine 
employed was recovered unchanged, but no urea could be 
detected. 

A solution of 12 grams of guanidine in 100 c.c. of water was 

boiled under a reflux condenser. Carbon dioxide and ammonia 
were evolved in quantity from the start, and formed crystals of 
ammonium carbonate in the condenser. After six hours, the evolu- 
tion of ammonium was considerably reduced. The solution was 
nearly neutralised with sulphuric acid, and on keeping deposited a 
small quantity of crystals, which were identified as melamine 
sulphate by their characteristic appearance, and by the picrate 
formed from them. The mother liquor contained no urea. 
‘ Aqueous solutions of guanidine, alone and with various propor- 
tions of alkali, were allowed to remain at the ordinary tempera- 
ture. After twenty-four hours, all had an odour of ammonia, 
showing that hydrolysis had commenced. This series of experi- 
ments was not carried out quantitatively. 


Action of Nitrous Acid on Guanidine. 


A few experiments only were carried out, but they are of 
sufficient interest to be worthy of brief mention. 

Mixtures of solutions of guanidine hydrochloride or acetate with 
sodium nitrite and acetic acid gave no gas. 

When mineral acids were added there was slow evolution of gas, 
which consisted of nitrogen and nitric oxide, and sometimes also 
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carbon dioxide. The larger the excess of mineral acid, the larger 
was the proportion of nitrogen. The following experiment is 
typical. 

Two c.c. of V/2-guanidine nitrate with one molecular propor- 
tion of sodium nitrite and two of hydrochloric acid, mixed in the 
nitrometer, gave, after twenty-two hours, 2°5 c.c. NO and 14°5 c.c. 
N, (corrected). 

In this connexion, it may be recalled that, according to Cordier 
(Monatsh., 1912, 38, 759), sodium hypobromite liberates all the 
nitrogen from guanidine. 


Double Nitrate of Silver and Guanidine. 


When concentrated solutions of guanidine and silver nitrates 
were mixed, colourless, needle-shaped crystals separated, which 
consisted of a double nitrate of the composition 

CH;N;,HNO,,2AgNO;: 
0°5025 required 21°5 c.c. V/10-KSCN. Ag=46-2. 
CH,;N;,HNO,,2AgNO, requires Ag=46°7 per cent. 


Silver Derivatives. 


When a solution containing guanidine nitrate and silver nitrate 
is rendered alkaline, a precipitate is formed which may vary in 
colour from white through yellow to grey, according to the pro- 
portions. It is usually flocculent, and difficult to wash and dry; 
it is soluble in ammonium hydroxide or in nitric acid, and is not 
decomposed, or only very slowly, by boiling water. It is blackened 
slowly by light, and readily by alcohol. 

In all the following experiments the precipitate was washed by 
decantation until the wash-water was free from alkali. The pasty 
precipitate was then drained, and dried in the steam-oven to a 
constant weight. Analyses were made by decomposing a weighed 
quantity with hot dilute nitric acid, and titrating with J /10- 
potassium thiocyanate. The production of a trace of silver 
carbonate in these experiments is difficult to avoid, as guanidine 
in the presence of alkalis, or even as the free base in water, is 
rapidly hydrolysed. 

Some seventy samples have been prepared by various methods 
and examined, and the following experiments are typical examples 
of the methods found most satisfactory in each case. 


Monosilver Derivatives of Guanidine. 


A solution of guanidine nitrate was treated with five equivalents 
of sodium hydroxide, followed by one equivalent of silver nitrate. 
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The precipitate at first formed (? silver hydroxide) changed to 
white on vigorous shaking; it was granular, and settled readily. 
Found: Ag=65°4. 
CH,N;Ag requires Ag=65°0 per cent. 
This derivative is colourless, and does not explode when struck, 
but when heated strongly decomposes, with a mild explosion. 
The constitution may be represented by the structural formula 


Disilver Derivatives of Guanidine. 


Two equivalents of silver nitrate were added to solutions of 
guanidine containing excess of alkali; the precipitate formed was 
grey, and dried to jet-black. 

Found: Ag=77°0. 

CH;N;Ag, requires Ag=79°1 per cent. 

This black derivative explodes violently on being rubbed or 
struck, or when heated to 145°. It is believed that this is essenti- 
ally a disilver derivative contaminated with traces of the mono- 
derivative. It may be represented by the structural formula 

._~ NH, 
N AgiC<yy ihe’ 

The freshly-formed precipitate appears perfectly homogeneous 
under the microscope, and the results obtained by variations of the 
method are quite uniform. 

When excess of alkali is avoided, the precipitate is yellow. As 
this is evidently the compound obtained by other workers, it was 
exhaustively studied. 

It was hoped that neutral solutions would favour the production 
of an isomeride. This, however, proved true only in a limited 
sense. 

A mixture of guanidine nitrate with one equivalent of silver 
nitrate in dilute solution was treated with calcium hydroxide. 
The precipitate was pale yellow, and gave Ag=73 per cent. 

Here, as in the experiments already described, many variations 
were tried, but with quite a different result; for whereas in the 
former cases little variation in the product ensued, here the 
slightest alteration in the procedure resulted in considerable varia- 
tions in the substance obtained. In order to test the validity of 
the formula, CH;N;Ag,,H,O, assigned to this compound by Thiele 
(loc. cit.), the yellow substance from one of these experiments, 
dried at 100° to constant weight, was heated at 120°; 1:777 grams 
lost, in successive periods of two hours each, 0°0180, 0°0175, 0°005, 
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and 0°005 gram, and became black. The same weight of the sub- 
stance, CH,N,Ag.,H,O, would contain 0°10 gram of water. 

When a large number of preparations of the yellow derivative 
had been examined, it became apparent that it was a mixture of 
mono- and di-derivatives in approximately equimolecular propor- 
tions. Accordingly, solutions were mixed as required by the 
equations 

3AgNO, + 2CH;N;,HNO,; + 5NaOH = 

CH,N;Ag, + CH,N,Ag + 5NaNO, + 5H,0. 

Small variations in this method gave constant results (Found, 
Ag=73'8. CH;N;Ag,+CH,N;Ag requires Ag=73°8 per cent.), 
and the precipitate was always deep yellow. Some of the washed 
precipitate, without drying, was decomposed by WV /10-hydrochloric 
acid, the silver chloride weighed, and the excess of acid determined 
by titration ; it was then easy to calculate the ratio of silver found 
to base liberated from the derivative and converted into hydro- 
chloride; this ratio was expected to be 3:2, according to the 
simultaneous changes: 

CH,N;Ag, + 3HCl = 2AgCl + CH;N;,HCl, 

CH,N,Ag + 2HCl=AgCl+CH;N;,HCl. 

The ratio, however, proved to be, not 3: 2, but 3:1. Guanidine 
hydrochloride was isolated from the acidified product, so one at 
least of the substances is a true guanidine derivative; a derivative 
of some substance produced by the decomposition of guanidine may 
be present, or, as seems more probable, a derivative of a tautomeric 
form which decomposes as soon as it is liberated from its silver 
derivative by acids; the latter would be very probable in the case 


N 
of derivatives of the form N BCS as this tautomeride would 


tend to isomerise in the presence of acids to NHC in order 


to form stable salts, and it is abundantly proved that all com- 
pounds are most unstable during conditions which favour, isomeric 
change. 

The yellow precipitate in these experiments is believed to be a 
mixture of a di-silver derivative of B having the constitution 


NH, _. ; a : 
NAg,Ca * with the mono-silver derivative described already. 


This agrees with Schenck’s observation (loc. cit.) that the yellow 
derivative yielded a mixture of mono- and di-methylguanidine. 
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Copper Derivatives. 


When a dilute solution containing guanidine and copper salts 
was treated with alkali, a green precipitate, soluble in ammonia, 
was formed. This was washed by decantation, and dried at 100°. 
On heating strongly, it fused and decomposed slowly, so analyses 
were carried out by decomposing a weighed quantity with hot 
nitric acid and precipitating the copper as hydroxide: 


0°798 gave 0°5300 CuO. Cu=53°0. 
CH,N,Cu requires Cu=52°7 per cent. 
On solution in acids, this compound gave a copper and a 
guanidine salt, thus showing that it was a true copper derivative 
of guanidine. It is believed to have the constitution 


Cu: Not 


When concentrated solutions were used, and large excess of 
alkali, the result was very different. 

A solution of 20 grams of guanidine hydrochloride in 50 c.c. of 
water was mixed with 25 grams of potassium hydroxide dissolved 
in 50 c.c. of water, and the solution, which had become warm, was 
cooled. After half an hour, 13 grams of cupric chloride dissolved 
in 100 c.c. of water were added rapidly. The liquid remained 
clear, but became warm, and, on cooling, crystals separated. After 
remaining overnight without exposure to the air, the crystals were 
collected, drained on porous tile, and dried in the desiccator. 
Thirteen grams of deep blue needles were obtained. 

This compound is decomposed by water, hence the crystals were 
contaminated by adherent alkali, and the analytical results are 
only approximate. 

Found: Cu=26°9, 28:0. Cl=15°4, 14°7. 

C,H,N,ClCu requires Cu=29°4; Cl=16°5 per cent. 

When decomposed by water, it gave copper hydroxide (not the 
copper derivative of guanidine described above, as might have 
been expected), and an alkaline solution containing guanidine 
hydrochloride. 3°60 Grams were suspended in 200 c.c. of cold 
water for twenty-four hours, the precipitated copper hydroxide was 
removed by filtration, and the filtrate made up to 250 cc. Of 
this, 25 c.c. required 14°7 c.c. V/10-H,SO,, the amount theoretic- 
ally required being 16°8 c.c., according to the equation: 

C,H,N,ClCu + 2H,O = Cu(OH), + CH;N;, HCl + CH;Ns3. 
From the remainder of the filtrate, 1‘7 grams of guanidine hydro- 
chloride were isolated. 

Analysis has shown, therefore, that for every atom of copper 
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there are one atom of chlorine and probably two residues of 
guanidine in the compound. It would be futile to suggest a con- 
stitution for such a substance without making a further study of it. 

The sulphates of guanidine and copper under similar conditions 
gave blue crystals, but they could not be separated from the alkali 
sulphate which crystallised out at the same time. 


The author’s thanks are due to Dr. E. A. Werner, to whose 
sympathy and encouragement this work is entirely due; also to 
the Research Fund Committee of the Chemical Society for a grant 
which has largely defrayed the expense of the work. 
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CLV.—The Study of the Density and Viscosity of 
Aqueous Solutions, with Special Reference to Nitric 
Acid. Part I. Densities. 


By Wit.1amM Robert Bovsriez.p, K.C. 


THE experimental part of this paper is concerned with the deter- 
mination of the density and viscosity of nitric acid solutions of 
the strengths V, V/2, V/4, NV/8, V/16, and V/32 at the tempera- 
tures of 4°, 11°, 18°, and 25°. The section relating to the viscosi- 
ties will be communicated later. 

The contraction which takes place on the solution of a solute is 
of vital significance for the elucidation of almost every physical 
property of an aqueous solution. For the systematic study of the 
relation between contraction and other physical properties there 
are certain simple functions of the density which are of wide 
application, the general use of which would enable a compre- 
hensive outlook to be obtained. It is proposed to illustrate the 
use of these functions by reference to the nitric acid data for 
dilute solutions, and to some other available data for concentrated 
solutions. 

The Density Observations.—The material used was commercial 
purest nitric acid redistilled, of a strength of about 70 per cent. 

To determine the strength, a solution of V/10-sodium hydroxide 
was made up from a 50 per cent. solution, which had been pre- 
pared direct from sodium in the manner described in a former 
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paper (Bousfield and Lowry, Phil. Trans., 1905, 204, [A], 252). 
As a check, this solution was titrated against a V/10-solution of 
hydrogen chloride, prepared by passing a known weight of 
hydrogen chloride into water. These solutions corresponded 
exactly within the limits of the accuracy of titration, which is 
estimated from former experience of the same burettes to be +1 in 
1500. 

Six litres of nitric acid solution of a strength slightly greater 
than normal were made up as a stock solution. The strength was 
determined by dilution to V/10 and titration against the N/10- 
sodium hydroxide solution. The stock solution was thus found 
to require the addition of 6 c.c. of water to bring it to normal 
strength, and may be considered as accurate to within +1 in 1500. 
The density of this stock solution is 1°0333 at 15°. 

Veley and Manley (Landolt and Bérnstein “Tabellen’’) give 
the density of a 6°11 per cent. solution of nitric acid at 14°2° as 
1°0333, which corresponds with a density of 1°0331 for a normal 
solution at 15°. There is therefore a difference of 2 units in the 
fourth place of decimals between the two determinations. 

From the stock solution, the other solutions measured were 
obtained by dilution successively to V/2, V/4, V/8, N/16, and 
N/32. This process admitted of a higher degree of relative 


accuracy. Five hundred c.c. of each solution were weighed, diluted 
to the required volume, and re-weighed. The composition by 
weight of each solution was thus known, and the number h of 
molecules of water per molecule of solute could thus be calculated 
with great relative accuracy. The strengths of the solutions thus 
made up are given in table I. 


TaBLeE I. 
Strengths of Nitric Acid Solutions. 


Volume 
concentration. h. 
53-807 
109-20 
220-50 
442-63 
887-82 
1780-53 


The density observations were made in duplicate with a pair of 
pyknometers of the special form described in a previous paper 
(Bousfield, T., 1908, 98, 679). These duplicate observations 
agreed within about +5 in the sixth place of decimals, and it is 
not considered necessary to set them out. The mean of each pair 
of observations is set out in table II, together with the values of 
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x and the values of the densities calculated from the x formula, as 
will be presently explained. It will be noticed that the differences 
between observed and calculated values are generally less than 
+5 in the sixth place of decimals. 


TABLE II. 


Densities of Nitric Acid Solutions. 
Temp- 
erature. p Observed. x Calculated. p Calculated. Difference. 
lle 1-035801 35-682 1-035797 —4 

1-018011 35-913 1-018006 —5 
1-009031 36-114 1-009030 —l 
1-004533 36-272 1-004533 = 
1-002271 36-387 1-002271 + 
1-001130 36-467 1-001136 +6 


1-034339 34-637 1-034339 + 
1-017082 34-803 1-017078 —+4 
1-008386 34-986 1-008389 —3 
1-004040 35-156 1-004040 + 
1-001852 35-297 1-001851 —1 
1-000748 35-404 1-000753 


1-032439 33-822 1-032439 
1-015616 33-937 1-015615 
1-007160 34-087 1-007159 
1-002931 34-248 1-002931 
1-000802 34-396 1-000804 
0-999731 34-518 0-999735 


1-030163 33-191 1-030163 
1-013707 33-285 1-013710 
1-005445 33-421 1-005443 
1-001309 33-586 1-001313 
0-999235 33-754 0-999235 
0-998192 33-901 0-998190 


The Contraction Function x.—Let V=the volume in c.c. of a 
solution containing # grams of solute and H grams of water. Let 


p = l1/v = density of solution 
Pw = 1/w= density of water 


at the temperature of the observations. Then 


x= W(P-- 1) ee ae oe 


Pw 


is the definition of y. If # is the equivalent or gram-molecular 
weight of the solute, V is the volume in c.c. containing 1 gram- 
molecule, and nm is the usual volume concentration in gram- 
molecules per litre of solution. The values of m and V change 
slightly with temperature, and it is therefore important to express 
x as a function of a variable, such as H, which is independent 
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of temperature, when various temperatures are to be considered. 
Since V=(Z+H)v, we have 


x=(£ + H)(w-v). . . 2. s (2) 
or if P is the percentage of the solute, one may write 
x= 100F(w-v/P ..... . (8) 


The first form of the function shows that y is a quantity of the 
same class as the “molecular freezing-point depression” or the 
“molecular viscosity increment.” In fact, if the density of the 
solution be expressed in terms of the density of water at the same 
temperature as unity, the first expression for x might be written 


x = 1000 Ap/m. 


x is a function of so much importance in the study of densities 
that it will be convenient to give it a name, and to call it the 
“contraction function,” owing to the property to be next 
explained. 

Property of the Contraction Function—Let a volume W of 
water be added to the solution of volume V, and let the volume 
and density of the diluted solution be V’ and p’, and let y’ be 
the new value of the contraction function. The weight relation 
gives 


iia + We Wa tf. 
Pw Pw 
The contraction =V+W-V’ 
= v(2 -1)- 7" -1) 
Pw / w 
=x - xX: 


We may write this as Ay, remembering that it is not an infini- 
tesimal. Thus Ay represents the contraction on the addition of a 
finite weight of water, Wp, or AH, as it may be written. Hence 
the following result, which should be carefully noted: 


t 
The differential coefficient, x, is the contraction which takes 


place when 1 gram of water is added to an infinite quantity of a 
solution. 

The function y has a finite value when V is infinite. This value 
can be obtained by extrapolation from density values for very 
dilute solutions. The quantity 


Axon = Xo ~X° + + © «© « « (4) 
is the total contraction which takes place on diluting to infinity 
the solution corresponding with y. 

At the concentrated end, for which ?=100, where we can 
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actually measure the specific volume v, of the pure liquid solute, 
or obtain its value by extrapolation, the limiting value of x is 


wm = B(w-a) - - 2. 2-2 2 2 e & 
Hence Ae @xy-m. 2 2 se ew ew ew wo ew & 


is the contraction which takes place on the solution of a gram- 
molecule of the liquid solute in the quantity of water which corre- 
sponds with y. Both Ay, and Ay, have important relations to 
various physical properties. 

The U Function.—For the correlation of vapour pressure with 
osmotic pressure, Callendar (Proc. Roy. Soc., 1908, 80, 469) uses 
the function 

dv 
72 os! 25 in eo we ale eo 
which he defines as “the rate of diminution of volume of the 
solution per unit mass of solvent abstracted.” Since dy/dH is 
the contraction which takes place when 1 gram of water is added 
to an infinite quantity of the solution, we have for the volume 
change which takes place on the addition (or abstraction) of 
1 gram of water 
w — dy/1H 


and hence we get U expressed in the form 


1 
ee eC) 


The identity of the two expressions (7) and (8) can easily be 
shown by differentiation. Since 


E+H = 100E/P 


and by differentiation of expression (2) 
———- @e 
= w-v- b+ 
w-0- 8+ 


we have 


For the calculation of U, one or other of the above expressions 
will be more convenient, according to the nature of the experi- 
mental series. The expression (8) has the advantage that the 
first term, w, is a constant for the series. Moreover, we can by 
means of these relations get the values of U graphically from a 
vP curve, as shown later. 
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Specific Volume-percentage Curves—Where a series of iso- 
thermal density observations based on percentages is available, a 
large-scale volume-percentage curve furnishes the simplest means 
of investigating the results. This curve has certain interesting 
and important properties. 

In Fig. 1 is shown a typical volume-percentage curve, QRS. 
The abscissa RM of any point F is the percentage P, whilst the 
ordinate RL is the specific volume v, the reciprocal of the density. 
At the point S, where the curve cuts the vertical axis, we have 


Fia. 1. 


~ 
XA 


INN 
G P 


Oo L 
OS = w; OM = v; OL = P; OE = »; EQ = 100; ST = dx/dH; OT=U. 


OS=w, the specific volume of water at the temperature of the 
observations. At the point Q, where ’?=100, we have QV =v, 
the specific volume of the pure liquid solute. The first small por- 
tion of the curve near S is a straight line. The curve bends 
gradually as concentration increases, but often when nearing 100 
per cent. concentration, the occurrence of hydrates may be indi- 
cated by somewhat abrupt changes of curvature. 

One property which renders this curve of special value to the 
investigator is worthy of careful note. If a tangent be drawn at 
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any point R of the curve meeting the vertical axis in the point 
T, then we have 


JU = 


and . Oza ‘ate ee ea a 
Also, since OS=w, we have by reason of expression (8) 


. | 
a ST ww ee we ee « (10) 


We are thus able from the vP curve to get at once by a geo- 
metrical construction the values of the two important quantities 
U and dy/dH for any point R on the curve. ST therefore repre- 
sents the shrinkage which a gram of water undergoes on being 
introduced into an infinite quantity of the solution at the given 
percentage, and O7' represents the volume which it assumes in the 
solution. 

Now, it will be found that at great concentration the vP curve 
often exhibits groups of consecutive points which are approxi- 
mately in straight lines. (See, for instance, Fig. 3 for nitric acid, 
p- 1419.) Any two such straight portions are united by a bend 
within the angle formed by the intersecting lines. The above- 
mentioned property of the vP curve makes plain the meaning of 
this. For any points on such a straight portion of the curve, S7 
(Fig. 1) is a constant, that is, dy/d@H and U are constants. The 
inference is that the solution along such a portion consists mainly 
of a mixture of two hydrates, a lower and a higher. Every incre- 
ment of water along the straight portion converts some of the 
lower hydrate into the higher hydrate, and while this process is 
going on equal increments of water produce approximately equal 
contractions, and hence the value of U remains approximately 
constant. This involves, as a consequence, that the intersection 
of two straight portions indicates the specific volume of their 
common component, which is the definite hydrate corresponding 
with the point of intersection. Near the point of intersection, 
however, we have the definite hydrate for the point mixed with 
the two hydrates above and below the point, which causes the 
angle to be replaced by a short bend from one line to the other. 
Where the solution contains only a very few molecules of water 
to one of solute, it will be found that on a large-scale vP curve the 
points of definite hydration at the concentrated end of the curve 
are at once indicated by these points of intersection. 

We shall also find that the vP curve enables us to locate geo- 


1412 BOUSFIELD: THE STUDY OF THE DENSITY AND 


metrically the “euthetic point,” or point of closest packing, which 
may also be of great significance. 

The Euthetic Point——Mendeléev, Kolb, Pickering, Veley and 
Manley, and others, have directed attention to the point of maxi- 
mum contraction as being one which may give vital information 
as to the degree of combination between solvent and solute in a 
solution. The last-named, in particular, made a careful study of 
nitric acid solutions with reference to contraction (Proc. Roy. 
Soc., 1902, 69, 86). The quantity with which they worked was 
the contraction per gram of solution formed. This quantity may 
be expressed as 


me ka > a 
eee) ee ee * (11) 


or in the alternative notation as 


From the latter expression, since w and vp» are constants, it will 
be seen that the curve which Veley and Manley obtained by 
setting out C upon P differs only from the vP curve by a linear 
function of P. It follows, therefore, that Veley and Manley’s 
curves will have the same straight portions and the same points 
of intersection as the vP curves, except that the slope of the lines 
to the axis of P will be changed. It should be carefully noted, 
however, that Veley and Manley’s point of “maximum contrac- 
tion,” that is, the point where C (the contraction per gram of 
solution formed) is a maximum, is not the point of closest pack- 
ing. The point of closest packing is to be found by considering, 
not the contraction per gram of solution formed, but the contrac- 
tion per c.c. of solution formed, which may be denoted by the 
letter (, and is given by 
= _X—Xo 
€ = Sip ke es ow se Vee 

The maximum value of ¢ will differ from the maximum value of 
C, and to distinguish the two it will be convenient to call the 
point where ¢ is a maximum the euthetic point (Gr. evOeros, well 
packed). (¢ is the difference between the volume of the separate 
constituents which make 1 c.c. of solution and the volume of the 
solution. Hence, when ¢ is a maximum, we have the closest pack- 
ing, and therefore in many cases the most intimate combination 
of solute and solvent. The hydrate of closest packing, which is to 
be found very near (but not usually exactly at the euthetic point), 
may be called the euthetic hydrate. 

To obtain the condition for the euthetic point, we may differ- 
entiate ¢ with respect to H, and put d(/dH=0. This gives us 
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the required condition for maximum closeness of packing, which 
may be expressed as 


U(w- 2) = P w(V- ») ries 


Interpreting this condition geometrically in terms of Fig. 1, it 


becomes 


EQ x OSx TM 
OTXSE UR . 


SE OS . TM 
or a 


EQ OT * UR’ 


By similar triangles, 
TM _ TO 
Mk OF 
Hence for the euthetic point 
SE Os 
EQ OF 
That is to say, the point F must be at G, where SQ cuts OP. 
Thus we get the following simple geometrical construction for the 
euthetic point, in the case where we have a range of densities up 
to 100 per cent., or a sufficient range to enable us to extrapolate 
with accuracy to the point Q, which represents the value of 1, 
when P=100. 

Join SQ, and produce it to meet the axis of P at the point G. 
From G draw a tangent to the curve, touching at the point PR’. 
Then #’ is the euthetic point. As an alternative method, we may 
100 w 
w—v 

It should be noted that the euthetic point may be more or less 
in advance of the position of the euthetic hydrate. This is due 
to the fact that maximum closeness of packing involves, not 
merely the greatest closeness in the combined molecules of solvent 
and solute, but is also affected by the closer packing of the free 
water, owing to the conversion of some of the bulky trihydrol 
water molecules into dihydrol. Where, as in the cases of nitric 
and sulphuric acid, the point occurs in solutions so concentrated 
that little or no free water is present, the shifting is so small that 
there can be no doubt that the euthetic hydrate is indicated by 
the proximity of the euthetic point. Where, however, as in the 
case of sugar, there is much free water present at the euthetic 
point, the existence of a euthetic hydrate near the point is 
doubtful. 

The xh Curve.—Since the straight lines with breaks at the con- 
centrated end of the wP curve depend on the constancy of dy/dH 
for consecutive points, we shall also obtain the corresponding lines 


arrive at the point G by measuring off OG= 
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with corresponding breaks by setting out the values of x as 
ordinates upon the values of H as abscisse. It will be convenient 
to divide the values of H by e=18°016, so as to work in terms 
of h=H/e, that is to say, the number of molecules of water per 
molecule of solute. Fig. 2 shows a typical y/ curve. 

The curve begins at a point B, where h=0 and y= yy. It is 
asymptotic to the line CD, corresponding with y= xg. The 
sulphuric acid curve, shown in Fig. 4, is a good example of the 
utility of this curve, which shows at sight the points of hydration 


Fia. 2. 


M h 


= 


Oo 
OB= x%; OC = x~; BN = h; QM = x; QN = x—Xo- 


at which breaks occur. To get the euthetic point, it should be 
noted that the condition for a maximum value for ¢, which is given 
in expression (14), may be put into the form 


(14a) 


This at once gives us a geometrical construction for the euthetic 
point with this curve. 


Make Br=/%o 
ew 


, and from the point 7 draw a tangent, TQ, to 
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the curve. Then Q is the euthetic point, since at this point we 


have 
dx = QN 


dh NT 


which is equal to the expression (14a). 
The contraction per gram of water may be denoted by é, and is 


§= <& Pea co 


é usually increases from P=0 to P=100, but a maximum some- 
times occurs, the condition for which is easily found to be 
dx/dh = X—Xo ’ 
h 

that is to say, the tangent at the point on the x4 curve must pass 
through the point B. This is rarely possible except at the point 
B itself, but in the case of nitric acid it will be found to occur 
when h=}. 

The dx/dh,h Curve——From what has been said, it will readily 
be gathered that with accurate density values this curve would 
exhibit in the most striking manner the locality of the hydrates. 
This curve, however, requires accuracy in the fifth place of 
decimals and close consecutive values. It would show at the con- 
centrated end of the curve for nitric acid or sulphuric acid a series 
of nearly horizontal steps with steep transitions, until a stage is 
reached from which it would descend in a gradual slope. 

The Hydration Function y.—In a former paper (Bousfield, Phil. 
Trans., 1906, 206, [A], 116), it was shown that isothermal changes 
of ionic volume with concentration in dilute solutions might be 
expressed by a function of the form 

+e Geary ..s see ss 

At infinite dilution y=1, and the ions are always most hydrated. 
y is therefore the fraction expressing the ratio of ionic volume 
at lower dilution to that at infinite dilution. B was called 
the hydration number, and the function y may conveniently be 
called the hydration function, since it is closely associated with 
the amount of combined water. At great dilution, the ionic 
volume minus the volume of the ionic nucleus is the volume of the 
combined water. Hence, if » be the number of molecules of 
water in combination with an ion, we have approximately 


SO 


It was found experimentally that the volumes both of ionised 
and non-ionised molecules followed approximately the same law 
(loc, cit., p. 129), so that the expression (15) is true for the average 
hydration of the whole of the solute. The above statements apply 
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primarily to dilute solutions. At about normal dilution there may 
begin to be a slight loss of accuracy, and at greater concentration 
there may occur changes in the hydration law which would necessi- 
tate new values for the constants. Hence the hydration function 
y finds its chief use in dilute solutions, where it permits the densi- 
ties of all aqueous solutions to be expressed by the same law, so 
far as experience has gone. In some cases, however, the utility 
of the y function may extend to a 50 per cent. solution. 

Even in concentrated solutions, the expression (16) often ex- 
presses the water combination with considerable accuracy. Thus, 
for potassium chloride solutions at 18°, for which B=3°33, the 
expression 

n=9'6y —0°7 
gives a series of values for m which agree with the value 8°9 
formerly deduced for the hydration of potassium chloride at 
infinite dilution (Bousfield, Proc. Roy. Soc., 1913, 88, [A], 168), 
and are in fair agreement with the values of m deduced from the 
vapour pressures of concentrated solutions (Bousfield, T., 1914, 
105, 1822). So also the expression 
n=6'4—51(1-—y) 

for sugar solutions at 20°, for which B=0'l, gives fair expression 
to the values of n for 20°, which were deduced from osmotic 
pressures and freezing points of sugar solutions (Bousfield, T., 
1914, 105, 604), from 2 to 26 per cent. concentration. 

Relation between the Contraction Function and the Hydration 
Function.—It was shown in former papers that there was a linear 
relation down to normal dilution between the solution volume and 
the hydration function (Phil. Trans., loc. cit., p. 113; Proc. Roy. 
Soc., loc. cit., p. 158) for the alkali chlorides. Since the solution 
volume is connected with the contraction function by a linear law, 
we have, therefore, a similar relation to the contraction function 
that may be expressed as 


xm +My. . 2. - 2 ee 1%) 


which leads at once to the isothermal density law 


=v = w-_X 
ee e-siw et ltl 


_L+M(1+Bh-t)-3 
£+H . 


=w 


(19) 


This appears to be a universal density law for dilute solutions, and 
contains only the three constants 1, M, and B to be determined 
from the experimental values. 
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It has been found that this density law is of wide application, 
quite independently of ionisation considerations, and_ gives 
extremely accurate values for the densities, as will now be shown 
in the case of nitric acid. 

Density Law for Dilute Nitric Acid.—To obtain the constants 
independently of ionisation data, we proceed in the following 
manner. The values of x are calculated from the density observa- 
tions by expression (2). Trial values of B are taken, and thence 
are calculated the resulting values of y. The trial values of y are 
plotted upon the values of yx with different values of B until a 
straight line is obtained. If this required to be done frequently, 
a table of values of the function y for different values of B and h 
would facilitate the work. In plotting the values of x on the 
trial values of y to obtain a straight line, less importance should 
be attached to the values of y for the most dilute solutions, where 
a minute error in the density gives a large error in the value of x. 
Approximate values of B are all that is necessary to give accurate 
results up to normal solutions. Thus, in the present case, the 
values of B are found by trial plots to be with sufficient approxima- 
tion those set out in table ITI. 

Having determined the values of B, the constants Z and M in 
expression (17) are obtained from the linear relation between x 
and y for each temperature. They are as follows: 


TasLe III. 
Values of B, L, and M for Dilute Nitric Acid. 


L. M. 
35-044 1-573 
34°385 1-242 
33-694 1-103 
33-107 1-165 


Since y=1 at infinite dilution, the value of the contraction func- 
tion at infinite dilution is, of course, 


Xo =L+M. 


In table II are set out the values of x and p, calculated from 
expressions (15), (17), and (19), taking the values of the constants 
B, L, and M above given. Notwithstanding our round-figure 
values for B, it will be seen that the calculated density values for 
each isothermal series correspond with great accuracy with the 
observed densities. 


VOL, CVII. 
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TaBLe IV. 
Nitric Acid—Veley’s Values at 14°2°. 


P. Viee H. h. x—Xo- 100¢. 

99-97 0-6569 0-01892 0-00105 0 

98-07 0-6609 1-241 0-0689 0-16 0-38 
97°33 0-6626 1-729 0-0960 0-22 0-51 
96-64 0-6639 2-192 0-122 0-29 0-67 
95-62 0-6651 2-888 0-160 0-45 1-03 
94-04 0-6660 3-996 0-222 0-76 1-70 
92-34 0-6668 5-230 0-290 1-12 2-46 
89-73 0-6706 7-216 0-401 1-44 3-06 
88-04 0-6717 8-565 0-475 1-86 3°87 
85-21 0-6765 10-94 0-607 2-30 4-60 
81-93 0-6817 13-91 0-772 2-87 5-47 
79-14 0-6849 16-62 0-923 3-48 6-38 
78-22 0-6873 17-56 0-974 3-58 6-46 
75-64 0-6910 20-31 1-127 4:13 7-17 
72-45 0-6973 23-98 1-331 4-72 7-78 
71-60 0-7004 25-01 1-388 4-76 7-72 
67-85 0-7079 29-87 1-658 5-53 8-41 
64-37 0-7159 34-90 1-937 6-22 8-87 
62-60 0-7197 37-67 2-091 6-62 9-13 
60-42 0-7264 41-30 2-292 6-94 9-16 
58-32 0-7329 45-06 2-501 7-27 9-18 
56-05 0-7388 49-44 2-744 7-78 9-36 
51-24 0-7545 60-00 3-330 8-62 9-28 
46-55 0-7717 72-40 4-019 9-34 8-94 
42-33 0-7883 85-90 4-768 9-96 8-48 


Concentrated Nitric Acid Solutions——These furnish a good 
illustration of the use of the vP curve. For this purpose, there 
are set out in table IV the specific volumes of nitric acid solu- 
tions at 14°2°, calculated from Veley’s values (Landolt and Bérn- 
stein’s “ Tabellen”’), together with the values of h, H, x— Xo, and 
100¢ calculated therefrom. Since Veley’s density values are only 
given to four places of decimals, some irregularities will be found 
in the values of y and ¢. The vP values are set out in Fig. 3, 
but space does not permit of the whole series from 0 to 100 per 
cent. being set out. Beginning at 100 per cent., we find four 
points on the curve in a line. If any such line were continued 
to the left to meet the vertical axis, where P=0, as in Fig. 1, we 
should get the same value of S7, that is, of dy/dH, for all points 
on the line. That is to say, for these four points, as also for 
any series of points which lie on a straight line, dy/dH is constant, 
and therefore U is also constant. 

The first line on the diagram extends to a point which appears 
to indicate a hydrate of the composition 8HNO;,H,O or 
4N,0;,5H,O. The next three points give another straight line, 
with a totally different value for U, which extends to a point 
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where the composition is 3NHO;,H,O. At this point, if the values 
for € be calculated in accordance with expression (146), it will be 
found that ¢ has a maximum value. The next series of points 
indicate a new line with a quite different value of dy/dH, there 
being a break at the composition HNO;,H,O. The following 
points give another line, which terminates at about the composition 
HNO;,2H,0, from which point onwards the irregularities in a 
curve derived from densities to four places only of decimals render 
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the location of hydrates more difficult. Enough points are given 
to show that the same lines and breaks are obtained as were 
obtained by Veley and Manley by setting out the values of C 
given by expression (12). No purpose would be served by going 
in detail over the ground traversed by them. 

The Euthetic Pownt for Nitric Acid.—Notwithstanding irregu- 
larities in the values, the condition given in expression (14) is 
sufficient to enable us to locate the euthetic point for nitric acid 
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with precision from a large-scale v/ curve. Referring to Fig. 1, 
we have for nitric acid at 14°2° 

100 w 100-09 

isle w-v, U'334 

If the point @ be set off on the axis of P at a distance 291 

from the origin, and from @ a tangent be drawn to the vP curve, 

it will be found to meet the curve at a point corresponding with 


= 291. 


Fia. 4. 


Py 


| 
| 
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h=3, but the diagram cannot be here reproduced. The same 
result is obtained by setting out the values of (, which are given 
in table IV, upon the values of h, the maximum value for ¢ being 
clearly indicated as h=3. It so happens that, in the case of 
nitric acid, the position of the maximum value of C, calculated 
from expression (11) and (12), is not very different from that of 
the maximum value of { calculated from expression (13). 
Sulphuric Acid.—The utility of the yh diagram is well illus- 
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trated by the case of sulphuric acid. Very accurate deusity data 
are given in Landolt and Bérnstein’s “Tabellen,” from which the 
specific volumes at 15°, set out in table V, are calculated from 
50 to 100 per cent. These values give the x4 curve which is 
shown in Fig. 4, but the values should be set out on a large-scale 
diagram to exhibit the results properely, as the scale of a diagram 
which can be shown on a page of the Journal is too small to 
verify the relative position of the points with accuracy. The 
diagram only extends from h=0 to h=2 (100 per cent. to 73 per 
cent.). It is divided by vertical lines into spaces corresponding 
with additions of one-third of a molecule of water. Between each 
of these vertical lines occur flattened portions of the curve. The 
point from which the euthetic tangent is drawn is at a distance 


to the left of the origin which is equal to = 2°963, in accord- 
w 


ance with expression (14a). It touches the curve near the point 
at which h=5/3, corresponding with the euthetic hydrate of a 
composition 38O0;,8H,0. Mendeléev placed the euthetic point at a 
composition of 380;,6H,O. On the density figures now. taken, 
however, there can be no doubt that his location of the point is 
incorrect. To confirm this, the values of ¢ in the neighbourhood 
of the point are calculated from expression (13), and are given in 
table VI, and also shown in Fig. 4. They leave no doubt that the 
euthetic point is not at h=2, but at h=5/3. 


TABLE V. 
Values for Sulphuric Acid at 15°. 


V5 x: h. Vy 5 
054475 44-74 | 1-361  0-5777 
05437 45-30 | 1-447 0-581 
05432 45°81 | 1-536 05850 
05431 46-29 | 1-626  0-5891 
05433 46-76 1-720 05932 
0:5438 47-20 1815  0-5974 
05446 47-61 | 1-913  0-6016 
05455 48-03 | 2-013 00-6060 
05467 48-43 | 2-118  0-6103 
05480 48-82 | 2-224  0-6147 
05495 49-20 | 2-333 00-6192 
05512 49-56 | 2-562 0-6282 
05532 49-91 2-805  0-6373 
05554 50-23 | 3-063 0-6466 
0-5578 50-54 3-337 00-6560 
05605 50-82 3-630 0-6656 
0-5634 51-09 3-943 00-6753 
05666 51-33 4-277  0-6850 
05700 51-54 4-638 06949 
05736 «51-75 5-026 —-0-7048 
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TaBLe VI. 


Values of © for Sulphuric Acid in the Neighbourhood of the 
Euthetic Point. 


¢ 
0°. 15°. 50°. h. 
010596 0-1023 0-09788 1-447 
010600 01028 0-09840 1-536 
0-10618 0-1028 0-09864 1-626 
0-10632 0-1029 0-09868 1-720 
010628 0-1028 0-09861 1-815 
0-10611 0-1027 0-09833 1-913 


The values of ¢ for 0° and 50° have also been calculated, and 
are given in the table and also shown in the figure. Notwith- 
standing slight irregularities, they indicate the same result, and 
it may be concluded that a euthetic hydrate of composition 
3S0,,8H,O exists at all temperatures from 0° to 50°. 

The significance of the molecular quantity of water, 1/3, appears 
not only at the euthetic point where h=5/3. 

W. Kohlrausch determined the conductivity of mixtures of 
sulphur trioxide and water at 18° (see Kohlrausch and Holborn, 
“Leitvermégen der Elektrolyte,” p. 157). His figures show that 
at the constitution 380,,H,O the conductivity practically vanishes, 
and we have a substance the conductivity of which is comparable 
with that of pure water, which suggests that this is a very funda- 
mental step in the hydration of sulphur trioxide. 

Then, again, what may be called the basic line of the density 
curve from 4=0 to h=4 may be represented by 


18°333A 
=— aS ° . ° . . . | 


Here again one-third of a molecule of water is significant. 

The above three facts lead to the conclusion that the successive 
hydration and depolymerisation of 3SO, by successive molecules 
of water is the true course of the reaction. In conformity with 
this, the xh curve shows a succession of flattened arcs rounded off 
at points corresponding with successive additions of one-third of a 
molecule of water. The expression (15), which indicates the basic 
line, gives accurate values for xy at h=0, h=2, and h=4, and 
maximum divergence from the true values of y at h=1 and h=3. 
Hence, with reference to the basic line indicated by expression 
(15), the main wave of the true density curve has nodes at h=0, 
h=2, and h=4, and loops at h=1 and 4=3, whilst superposed 
upon this main wave we have the flattened portions at intervals 
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h=1/3 apart, as indicated by the y4 curve. The most significant 
points are: 

3S80,,H,O the point of zero conductivity. 

380,,3H,O where there is a node on the main wave and a minimum 


conductivity _ 


780, 28,,0 the euthetic hy 
O,,2 where there is & a on the main wave. 


H'SOe 40 where there is another node on the main wave. 


After this point, expression (15), which is there accurate, departs 
widely from the facts. This point may therefore be regarded as 
that at which the 3SO, group ceases to play the major réle, 
although its influence appears to persist until 4=8, when the 
course of the water reaction appears to take an entirely new turn, 
as is shown by an examination of the successive heats of dilution. 

It should be added that the occurrence of the maximum density 
point at the composition H,SO,,4H,O, which may be represented 
as 6SO,,7H,O, indicates the existence of a still higher degree of 
polymerisation in this region. Closer density values would be 
needed to follow up this indication, but the xh diagram indicates 
that the significance of one-sixth of a molecule of water seems to 
have disappeared at h=1/3. 

Sucrose Solutions.—The densities of sucrose solutions have been 
very accurately determined to five decimal places, and we may 
use the values for 20° (taken from Landolt and Bérnstein’s 
“Tabellen ”) to illustrate the application of the functions to solu- 
tions which are very concentrated, and are also almost non-electro- 
lytic. In table VII are set out figures for pop. 


TaBLeE VII. 


Densities of Sucrose at 20°. 


Vy, Ob- vv,» cal- Differ- 
.. ie E+H. h. 7: x: served. culated. ence. 
0-99823 @ - 1-00000 132-60 1-00177 1-00177 
101784 6843-6 360-87 0-99412 132-08 0-98247 0-98247 
1-03813 3421-8 170-94 0-99031 131-75 0-96327 0-96327 
1-05916 2281-2 107-63 0-98686 131-44 0-94414 0-94415 
1-08094 1710-9 75-971 0-98345 131-14 0-92512 0-92512 
1-10354 1368-7 56-980 0-98001 130-84 0-90617 0-90618 
112698 1140-6 44-872 0-97661 130-54 0-88733 0-88732 
1:15127 977-66 35-273 0-97262 130-19 0-86861 0-86860 
1-17648 855-45 28-490 0-96852 129-83 0-84999 0-85000 
1-20257 760-40 23-214 0-96402 129-43 0-83155 0-83156 
1-22958 684-36 18-993 0°95901 128-99 0-81329 0-81329 


-_ 


ter Lt titi lt 


From the tables by the process before described, the value of 
the hydration number is found to be, with sufficient accuracy, 
B=0'1, giving 

= (1+0-1A-4)-3 
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which gives values of y which make a straight line with the values 
of x down to about 55 per cent. The values of y calculated from 
this expression are set out in table VII, together with the values 
of x calculated from the expression 

x = 44°59 + 88°01y. 
From these are calculated the specific volumes, v7), by means of 
the expression 


WV, = 100177 - i 
It will be seen that there is in no case a difference of more than 
a unit in the last place of decimals between the observed and 
calculated values, and that the expression holds exactly up to a 
50 per cent. solution. It is surprising to find that the two-thirds 
power of / plays the same réle in a solution in which ionisation 
may be neglected, having regard to the fact that the virtue of 
this particular power was discovered solely by the consideration of 
ionic volumes as derived from conductivity measurements of 
potassium chloride. It appears as if h-? were related to an under- 
lying law of aqueous solutions which is fundamental. 
It is interesting to note that for sucrose solutions down to 30 
per cent., y is related to P by the linear law 
xX =132°39 —0°062P. 


This gives an equally accurate density law for sucrose down to 
30 per cent. At that point the formula does not hold, giving an 
error of 0°00044 in the specific volume at 50 per cent. The 
superiority of the y function is here made evident. 

The constants B=0°2, L=95°45, M=36°27 give good values for 
the densities from 55 to 70 per cent. 


Taste VIII. 
Concentrated Sucrose Solutions at 20°. 


h. x observed. xcalculated. Difference. 
18-993 128-99 128-99 
15-540 128-51 128-51 
12-662 127-99 127-99 
10-227 127-43 127-43 
8-140 126-83 126-83 
It will be seen from table VIII that the ‘“ observed” values of 
x, calculated from expression (2), exactly correspond with the 
calculated values from the formula 
x =131°59 —0°012P —0°0008P? 
from 50 to 70 per cent. We may therefore use this expression to 
give us the extrapolated value of xy, at 100 per cent., namely, 


Xo =122°39, 
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from which we get 
vy = w— 4 = 0°64409. 


If on a largescale vP diagram we set off this value of vy (the 
point @ in Fig. 1), and draw SQ to meet the axis of P in G, and 
thence draw a tangent to the curve, we are at once able to locate 
the euthetic point as occurring at about 62 per cent., at which 
the value of A is between 11 and 12. Since the water combination 
with sucrose near this point cannot exceed about four molecules, 
there are about eight molecules of free water, and it is clear that 
the composition of the solution cannot be substantially the compo- 
sition of the hydrate, as it was found to be in the cases of nitric 
and sulphuric acids. One is therefore inclined to attribute the 
location of the euthetic point in the case of sucrose solutions mainly 
to the change in the constitution of the free water. We cannot 
regard it in this case as evidence that a euthetic hydrate exists in 
the neighbourhood of the euthetic point. 

Relation of x to other Physical Properties—The contraction 
function is not merely useful for the systematic consideration of 
the densities of solutions. It stands in a direct, and often very 
simple, relation to other physical properties; but this matter can- 
not be dealt with at length in the present communication. For 
instance, in the former paper (Bousfield, Phil. Trams., 1906, 206, 
[A], 101) it was shown that the solution volume stood in a linear 
relation to certain physical properties. Since there is a linear 
relation between the solution volume and x, it follows that y will 
also stand in a linear relation to such properties. Thus, if D be 
the effective molecular freezing-point depression (loc cit., p. 146), 


we shall have 
D=1°86—Ayx,, x constant. 


Again, if An/m be the equivalent refractive power of a solution 
(loc. cit., p. 150), we shall have 


An _ R-Sye x constant. 


m 


The last relation holds in the case of sodium chloride down to 
the most concentrated solutions. 

Again, for dilute solutions we have generally for the number 
of molecules of water in combination with the solute 


N=Ny —Ayxy x constant. 


Also in dilute solutions it will be found that the ionisation can 


be represented by 
(1—a)?=Ay,, x constant. 
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This relation throws a striking light on the connexion between 
water combination and ionisation. 

Furthermore, in concentrated solutions, the heat of dilution 
often exhibits a linear relation to x. 

Moreover, if s be the specific heat of a solution, the expression 


will be found to represent the values of s with great accuracy. 

Each of the above matters would require a separate chapter for 
its proper consideration. Enough has been said to show the varied 
utility of the contraction function x, and in particular to exemplify 
the modes in which it may be applied to the systematic study of 
densities. 


St. SwrrHrn’s, 
Henpon, N.W. [Received, June 28th, 1915.] 


CLVI.—The Dual Theory of Acid Catalysis. The 
Catalytic Activity of Monochloroacetic Acid in 
Presence of tts Salts. 


By Harry Meprortu Dawson and CLarENcE KENWORTHY 
REIMAN. 


Ir is now recognised that the phenomena of acid catalysis cannot 
be satisfactorily explained in terms of the simple hydrion theory, 
and that it seems necessary to postulate the existence of two 
catalytically active components in the solution of an acid. For 
convenience, this view of acid catalysis may be referred to as the 
dual theory. 

The experimental observations which led up to the theory of 
dual catalytic activity have been referred to in a previous paper, 
and, more recently, have been discussed by Lapworth (this vol., 
p. 857). By way of supplementing these statements, it need only 
be added that in a further communication from Arrhenius’ labora- 
tory, Miss Ramstedt (Meddel. k. Vetensk. Nobelinstitut, 1915, 8, 
[vii], 1—33) has obtained further evidence in support of the dual 
theory in the results of measurements of the rate of hydrolysis of 
ethyl acetate under*the influence of B-naphthalenesulphonic, tri- 
chlorobutyric, cyanoacetic, and hypophosphorous acids. 

In our previous paper (Dawson and Powis, T., 1913, 103, 2135), 
it was shown by experiments with a series of acids, varying in 
strength from hydrochloric acid on the one hand to acetic acid 
on the other, that the change of catalysing power with concentra- 
tion can be satisfactorily represented in terms of two coefficients 
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characteristic of the hydrogen ion and of the non-ionised acid 
respectively. Compared with the activity of the hydrogen ion, 
that of the non-ionised acid decreases as the tendency of the acid 
to ionise diminishes. For hydrochloric acid, ky/k,=1°77, whilst 
for acetic acid k,/k, =0°0034.* 

It is an obvious step to inquire whether the catalysing power 
of acids in presence of the corresponding salts can also be repre- 
sented in terms of the same two coefficients. The experiments of 
Goldschmidt on the velocity of esterification (Zettsch. physikal. 
Chem., 1910, 70, 627; Zeitsch. Elektrochem., 1911, 17, 684), of 
Braune (Zeitsch. Elektrochem., 1912, 18, 535), and Snethlage 
(Zeitsch. physikal. Chem., 1913, 85, 211) on the decomposition of 
the diazoacetates in alcoholic solution have shown that the addition 
of increasing quantities of a salt of the catalysing acid reduces the 
activity of the catalysing acid to a lower limiting value, which is 
supposed to represent the activity of the non-ionised acid. On the 
other hand, the classical experiments of Arrhenius (Zettsch. 
physikal. Chem., 1890, 5, 1) on the changes produced in the 
velocity of inversion of sucrose by the addition of sodium acetate 
or sodium formate to solutions of the corresponding acids would 
seem to show that there is no lower limit to the activity of these 
acids, such as would be expected if the acids are capable of cata- 
lytic activity both in the ionised and non-ionised condition. 

The experiments of Arrhenius are frequently quoted as affording 
very strong evidence in support of the hydrogen ion theory of acid 
catalysis, in that the observed velocities of reaction are in almost 
perfect agreement with those calculated on the assumption that 
the rate of inversion is proportional to the concentration of the 
hydrogen ion. The fact that a small correction is introduced in 
order to take account of the so-called salt effect is of secondary 
importance, and for the present may be entirely neglected. 

It would thus seem that the results obtained by these different 
observers are incompatible. In order to illustrate the order of 
the difference, reference may be made to the results previously 
obtained by us for monochloroacetic acid. According to these data 
(loc. cit., p. 2145), the velocity of reaction with 0°05N-monochloro- 
acetic acid=4°6x10-® (mols./litre/min.), k,=440x10-® and 
ky=24'5 x 10-6 Since the velocity, v, is given by the equation 
v=k,yca+kyc(l—a), it is obvious, that as the concentration of 
the hydrogen ions is gradually reduced by the addition of increas- 
ing quantities of salt, v will approximate to a lower limiting value 


*It is necessary to point out that in any attempt to apply these ratios 
or in any comparison of them with similar numbers, the conditions under 
which the ratios have been obtained must be taken into account. 
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given by the equation v=kyc=24°5 x 0°05 x 10-®=1'22 x 10-®% 
This velocity is about one-fourth of the observed velocity for 
0°05N-acid in the absence of salt, and it follows, therefore, that, 
apart from secondary disturbances, the velocity of the reaction 
should not fall below about 25 per cent. of the velocity for the 
pure acid, no matter to what extent the ionisation is reduced by 
the addition of one of its salts. 

In Arrhenius’ experiments (Joc. cit.), the velocity of the inversion 
of sucrose by 0°25N-acetic acid was found to be reduced from 
0°75 x10-% to 0°0105x10-% by the addition of 0°25N-sodium 
acetate, that is to say, to about one-seventieth of the velocity for 
the acid without salt. Assuming a dual catalytic effect, and using 
the value of k,=1°50 x 10-® obtained in our previous experiments 
with acetic acid at concentrations varying from 0°1 to 1¥, it may 
be shown that the lower limiting value for the velocity of the 
isomeric change of acetone in the presence of 0°25N-acetic acid and 
sufficient sodium acetate to reduce the ionisation of the acid to a 
negligibly small quantity is equal to 0°37 x 10-®, as compared with 
1°30 x 10-® for the acid without salt. The estimated minimum 
velocity is thus about 28 per cent. of the velocity found for the 
pure acid. Since Arrhenius found that the velocity of the in- 
version of sugar was reduced by an equivalent quantity of sodium 
acetate to less than 1°5 per cent. of its original value, and since, 
moreover, there is reason to believe that the velocity might have 
been reduced to a further extent by the addition of more sodium 
acetate, it is perfectly clear that there is a vast discrepancy 
between the two series of results. 

With a view to obtain further information on the subject, and 
in particular to test the requirements of the dual theory of cata- 
lysis in its application to solutions containing salts of the catalysing 
acid, further experiments have been made on the velocity of 
isomeric change of acetone with monochloroacetic acid as catalyst. 

Two series of measurements were carried out, in each of which 
the concentration of the acid was kept constant, whilst sodium 
monochloroacetate was added in varying quantities. 

In order to be able to calculate the velocity of the reaction for 
any mixture of acid and salt from the equation 

v=kycat+kye(l—-a) . . .... (1) 
it is not only necessary to know the values of the velocity- 
coefficients k,, and ky, but also the degree of ionisation a of the 
acid in the various mixtures. Except perhaps in the case of dilute 
solutions of weak acids, the determination of a is not so simple as 
is frequently assumed. Where the dilution law holds, a degree of 
trustworthiness is assured which does not apply to the a values 
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given by the conductivity method in those cases which do not 
conform to the requirements of the law of mass action. The con- 
ductivity method is not applicable to mixtures of acid and salt, 
and the values calculated for the ionisation of the acid in such 
mixtures by the usual method can in many cases only be considered 
as approximate. 

The methods usually employed involve the application of the 
principle of isohydry or of the law of mass action. In the case 
of a strong acid, the isohydric method is the only one at present 
available. Monochloroacetic acid may be described as belonging 
to the transition group of acids. In dilute solution, the values of 
a derived from conductivity measurements afford a satisfactory 
constant for K =ca?/1—a, but the dilution law is no longer applic- 
able to the 0°1 and 0°05N-solutions which have been employed in 
our dynamic experiments. On this account, we attempted to make 
use of the principle of isohydry, but found that the solutions of 
the free acid, which are isohydric with the stronger salt solutions, 
are so highly concentrated that it is impossible to derive any value 
for the ionisation of the free acid which may be regarded as even 
approximately accurate. We were therefore compelled to have 
recourse to the law of mass action in order to obtain the a-values 
required for the calculation of the velocities of reaction. The 
method actually adopted really involves both the methods 
mentioned. 

In order to obtain the requisite data, measurements were made 
of the electrical conductivity of solutions of monochloroacetic acid 
and sodium monochloroacetate. The viscosity of these solutions 
was also measured, for the evidence at present available (compare 
Kraus, J. Amer. Chem. Soc., 1914, 36, 35) seems to show that in 
some cases the mobility of the ions is inversely proportional to the 
viscosity of the solution, so that a= Ay/A, , where pn is the viscosity 
of the solution relative to that of pure water. 

According to the a values which are thus obtained, solutions of 
monochloroacetic acid begin to diverge from the requirements of 
the dilution law when the concentration exceeds 0°005V. The 
ionisation constant cannot therefore be legitimately employed in 
the calculation of a for 0°05 and 0°1N-solutions. There is even 
less justification for its application to mixtures of acid and salt, 
for it seems probable that high concentration of the ions is one 
of the factors which give rise to the deviations from the mass law. 
It may be urged that the experiments of Arrhenius (loc. cit.) 
afford evidence of the correctness of the usual practice, but the 
results obtained in the present investigation suggest that 
Arrhenius’ experiments cannot unconditionally be accepted as a 
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proof that the mass law is applicable to the ionisation of an acid 
ia admixture with its salts. 

The fact that the simple hydrion theory of acid catalysis is in- 
compatible with our velocity, indicates that the use of the mass 
law in calculations of the degree of ionisation of weak acids in mix- 
tures of acid and salt, should be tested by an appeal to quantita- 
tive measurements other than those which involve the determina- 
tion of the catalytic activity of acids. Fortunately, such experi- 
ments have been recently made, and by very accurate measure- 
ments of the hydrogen potentials of mixtures of acetic acid and 
sodium acetate, Walpole (T., 1914, 105, 2501, 2521) has shown 
that the variation of the hydrogen ion concentration in mixtures 
of the composition xW-CH,*CO,H + (0°2—x)N-CH;°CO,Na is in 
good agreement with the equation 

K =[H"][CH,-CO,']/[CH,-CO,H], 

The ionisation relations of the acid in mixtures of acid and salt 
are thereby established by a method which is quite independent 
of the catalytic activity of the acid and of the theory of such 
catalytic action. In applying this result to the case of mono- 
chloroacetic acid, we have to bear in mind that this acid is much 
stronger than that for which the validity of the mass law has 
been established by the potential measurements, and that, further, 
solutions of pure monochloroacetic acid at the concentrations used 
ia the dynamic experiments already deviate from the requirements 
of this law. 

In view of these considerations, the method we have used in 
calculating the degree of ionisation of the acid consists in making 
use of the expression for the mass law K’/=[H"][A’]/[HA], and in 
assuming that although X’ varies with the concentration of the 
acid (see table II), its value for a given concentration of acid is 
unaffected by the quantity of salt present. For 0°05N-solutions of 
acid we have used K’=0°161x10-2, and for 0°1N-solutions 
K'=0°170x 10-*%. Using these constants, we have calculated the 
hydrion concentration for the various solutions, and from these 
the values of the degree of ionisation which have been substituted 
in the equation for the velocity of reaction. 


Conductivity and Viscosity Measurements. 


Depending on the conducting power of the solutions, cells of 
capacity 0°5, 3, and 30 were used in the conductivity measure- 
ments. These cells were carefully checked against one another, 
and overlapping measurements were made so as to ensure con- 
tinuity in the series. Viscosities were measured in an Ostwald 
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apparatus. The temperature was 25°00°+0°01. In the table for 
the sodium salt, c, is the concentration, A the molecular conduc- 
tivity, » the relative viscosity, A’=An the conductivity corrected 
for viscosity, and B the degree of ionisation=A’/A,. 


TaBLeE I. 
Sodium Monochloroacetate. 


Cy A. n. A’. 
0-2020 66-45 1-071 71-18 
0-1644 68-50 1-058 72-5 
0-1010 72-30 1-036 74-95 
0-0505 76-10 1-018 77-5 
0-02525 79-25 1-009 80-0 
0-01262 82-20 1-0045 82-6 
0-00631 84-75 1-0023 84-95 
0-003155 86-70 1-0012 86-8 
0:001578 88-85 1-000 88-85 


By extrapolation according to Ostwald’s method A,, = 92-5 


In the case of the acid, the actual observations comprise several 
independent series of measurements involving slightly different 
concentration values, and in these circumstances it is more con- 
venient to record the mean results derived by interpolation from 
a large-scale plot of the conductivity or viscosity against the 
logarithm of the concentration. In the table of results, ¢ is the 
concentration of the acid, A the molecular conductivity, » the 
viscosity, a the ionisation derived from A, a’ that from the cor- 
rected conductivity A’. The values of the “ionisation constant ” 
obtained from a are given under X, and those from a’ under A’. 


TABLE II. 


Monochloroacetic Acid. 
K’ 
, 1092 7.102 -104 
A. " a. a’. K-10% =K’-10°. [H,0} 10+. 


434 1 0-0112 (0-0192) 0-048 0-145 0-342 
9-28 ° 0-0239 (0-0316) 0-112 0-198 0-392 
15-33 ° 0-0395 0-0455 0-156 0-208 0-400 
22-1 ° 0-0569 0-0619 0-172 0-204 0-380 
25-0 « 0-0644 0-0690 0-177 0-204 0-378 
28-8 0-0741 0-0781 0-178 0-198 0-364 
34-3 . 0-0883 0-0915 0-171 0-182 0-333 
46-6 0-120 0-122 0-164 0-170 0-309 
63-2 ‘ 0-1625 0-164 0-158 0-161 0-292 
78-9 . 0-203 0-204 0-155 0-157 0-284 
93-2 ° 0-240 0-241 0-152 0-153 0-276 
123-1 “ 0-317 0-318 0-147 0-148 0-267 
159-5 ° 0-411 0-411 0-144 0-144 0-260 
173-4 . 0-446 0-446 0-144 0-144 0-260 
192-5 0-495 0-495 0-145 0-145 0-262 
0-002 218-1 ° 0-561 0-561 0-144 0-144 0-260 

For CH,Cl-CO,Na, A,, =92-°5 and Na*=51-2 (Noyes and Falk, J.Amer. Chem. 


Soc., 1912, 34, 479), whence CH,Cl-CO,’=41-3. Taking Kendall’s value for 
H*= 347-2 (T., 1912, 101, 1275), A,, for CH,Cl-CO,H= 388-5. 
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There were two objects in view when this extended series of 
measurements was made, the first being to make use of the data in 
the deduction of the degree of ionisation for mixtures of acid and 
salt by the isohydric method. For solutions more concentrated than 
1N, the viscosity correction is, however, so large as to render the 
corrected conductivities of very doubtful significance. In the second 
place, it was thought worth while to compare the variation of K 
and K’ (compare Rivett and Sidgwick, T., 1910, 97, 732). It is 
obvious that both these quantities begin to increase between 
e=0°005 and 0°01, and, after reaching a maximum, both diminish 
with further increase in the concentration. The numbers give no 
indication of the relative merits of a and a! as a measure of the 
degree of ionisation. From the last column of the table it is also 
apparent that the introduction of the concentration of the water 
as a variable (compare Kendall, J. Amer. Chem. Soc., 1914, 36, 
1069) makes no great difference. 

In regard to the use of the data in tables I and II for the 
calculation of the ionisation of acid and salt in their mixtures, it 
need only be added that the objection to the isohydric method does 
not apply to the salt, in that the ionisation of the salt in the more 
concentrated solutions is practically uninfluenced by the presence 
of the acid. The B-values obtained in this way were then utilised 
in the calculation of the corresponding values for the ionisation of 
the acid by making use of the equation 

a! = { —(K'+¢,B) + (K!+¢,B)/1+4K'e/(K' + ¢,B)*} / 2c, 
in which XA’=0'161x10-2 for 0°05N-acid solutions and 
0°170 x 10-2 for 0°1N-solutions. The calculated values of a’ and 
B are recorded in tables V and VI. 


Velocity Measurements. 


The determination of the rate of isomeric change of acetone was 
carried out according to the method previously described (Dawson 
and Powis, loc. cit.). The solutions contained 20 c.c. of acetone 
(obtained from the sodium hydrogen sulphite compound) per litre, 
0°005 mol. of iodine, and approximately 0°01 mol. of potassium 
iodide. The correction for the auto-catalytic effect diminishes in 
presence of the salt of the catalysing acid. In general, two or 
more experiments were made for each concentration of salt, and 
the values recorded in the tables are the weighted means of the 
individual results, which usually did not differ by more than 2 per 
cent. 

Blank experiments were made which showed that there is no 
measurable displacement of chlorine by hydroxy] in the acid or its 
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salt (hydroxylation), and no appreciable interaction between these 
and iodine. For example, a solution containing 0°08 mol. of acid, 
0°02 mol. of salt, and 0°005 mol. of iodine per litre required exactly 
the same amount of sodium thiosulphate solution after keeping 
for three days at 25°. 

The data from which the coefficients ky al k,, have been 
obtained represent the mean results of three independent series of 
measurements with monochloroacetic acid at concentrations from 
0°05 to 1¥. The first series consists of the measurements recorded 
in the previous paper (loc. cit.), corrected for the fact that the 
temperature then used was probably about 0°15° below 25°. These 
corrected velocities are given under v, in table III, and the values 
obtained by the two other observers under vg and v3. The sixth 
column gives the values furnished by a smooth curve drawn so as 
to give the best representation of the results as a whole. The 
concentration of the acid is given in the first column, and the a- 
and a/-values from table II in the second and third. 


Tas_eE III. 
c. a. a’. v, 10°. Vy: 10°. v,°10°. Mean v-10°. 
0-05 0-1625 0-164 4-81 4°85 4-72 4-80 
0-1 0-120 0-122 7-94 7:87 8-12 7-90 
0-2 0-0883 0-0915 12-44 12-83 12-56 12-5 
0-5 0-0569 0-0619 24-87 25-09 24-89 24-9 
1-0 0-0385 0-0448 41-9 42-2 — 42-0 


The coefficients k, and ky can be calculated from any two 
measurements of the velocity of reaction v. On account of the 
greater errors involved, combinations of contiguous experiments 
are ruled out, and the remainder give the following results: 


TaBLe IITa. 
a= A/Ag- a’ = An/Ag. 
Combinations. ky 10°. key 10°. k,, «10°. ky 10°, 
c=0-05 and 0-2 471 23-0 481 20-4 
c=0-05 and 0-5 462 25-0 473 21-85 
c=0-05 and 1-0 461 25-2 474 22-0 
c=0-1 and0-5 487 23-4 504 19-85 
c=0-1 and 1-0 479 24-5 498 21-1 
c=0-2 and 1-0 439 26-0 461 21-4 
Means 466 24-5 482 21-1 


The two series of values of 4, and ky show the influence of the 
difference between a and a’ on the calculation of the velocity- 
coefficients. Allowing for the small difference in temperature, the 
mean values of k,, and ky derived on the basis of the uncorrected 
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conductivity ratio are in good agreement with those recorded in 
the previous paper (loc. cit.). 

It makes little difference whether the first or second pair of 
coefficients are used in the calculation of the velocities of reaction 
in presence of the sodium salt. As a matter of fact, we have used 
the values based on a’, and the velocities have consequently been 
calculated from the equation 

v=0°000482ca’+0°0000211ce(1—a’) . . . .(2) 
The calculated velocities are recorded in the fifth column of tables 
IV and V. In these tables, c, is the concentration of the sodium 
salt in mols. per litre, 8 the ionisation of the salt, a’ the ionisation 
of the acid, v,,, the observed velocity of the reaction, and v,, the 
velocity calculated from equation (2). 


TaBLe IV. 
0°05N-Monochloroacetic Acid. 

Cyo B. a’. Vovs* 10°. Vea 10® — Uon,3/ea’- 10°. 
0 — 0-164 4-90 4°83 598 
0-005 0-889 0-129 4-18 4-03 648 
0-01 0-879 0-1035 3°38 3-44 653 
0-02 0-865 0-0712 2-70 2-70 758 
0-03 0-857 0-0537 2-29 2-29 853 
0-05 0-830 0-0359 1-84 1-88 1025 
0-10 0-801 0-0196 1-51 1-50 1540 
0-20 0-770 0-0103 1-32 1-29 2560 


Calculated lower limit of velocity = 1-06 x 10~°. 


TABLE V. 
0°'1N-Monochloroacetic Acid. 
Cy. B. a’. Vos" 10% ean 1 0°. Yr9/0a’- 10°. 
0 — 0-122 7-80 7-73 639 
0-005 0-881 0-1035 6-95 6-88 672 
0-01 0-871 0-0884 6-18 6-18 699 
0-02 0-858 0-0667 5-12 5-18 767 
0-03 0-851 0-0523 4-63 4-52 884 
0-05 0-828 0-0363 3-61 3°77 995 
0-10 0-801 0-0202 3-05 3-04 1510 
0-20 0-770 0-0109 2-63 2-61 2410 


Calculated lower limit of velocity = 2-11 x 10-*. 


From the above tables, it is clear that the observed and calcu- 
lated velocities of reaction are in good agreement, and thus it is 
shown that the catalysing power of monochloroacetic acid in admix- 
ture with varying quantities of its salts can be calculated quite 
satisfactorily by means of the above equation. In the sixth column 
of the tables we give the values of v,,,/ca’, that is to say, the 
observed velocity divided by the hydrogen ion concentration. If 
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the speed of the reaction were determined solely by the hydrion 
concentration, this ratio ought to be constant. In Arrhenius’ ex- 
periments with acetic and formic acids, this ratio is indeed con- 
stant, but there is no semblance of constancy on the part of this 
ratio according to our experiments. The ratio increases rapidly 
with increasing quantity of salt, that is to say, with decreasing 
hydrion concentration. In both series of experiments, the observed 
variation in the ratio is approximately as 1: 4. 

The results obtained by us are thus unequivocally in favour of 
the theory of dual catalytic action as opposed to the simple hydrion 
theory. They show clearly that the activity-coefficients derived 
from the observations with monochloroacetic acid at different con- 
centrations may be applied to the calculation of the catalysing 
power of mixtures of the acid and its salts with quite satisfactory 
results. 

It should be noted that no correction has been applied for any 
neutral salt action. The experiments themselves afford no evidence 
of such action, but other experiments, to be described in a further 
paper, would certainly seem to show that the added salt has an 
effect on the speed of the reaction other than that which is due 
to the change in the degree of ionisation of the acid. This is, of 
course, in agreement with the results of many previous investiga- 
tions. In view of the low concentration of the salt solutions used 
in the above experiments with monochloroacetic acid, any salt effect 
must necessarily be small, and cannot have any appreciable in- 
fluence on the general character of the results. 

The question naturally arises whether the great divergence 
between these results and those obtained by Arrhenius may not 
be due to the difference in the nature of the cdtalysed reactions. 
Further experiments are necessary before this point can be 
definitely settled, but it is fairly safe to assume that this is not 
the cause of the difference. If the activity relationships are sup- 
posed to be so entirely dependent on the nature of the particular 
reaction which is used in the study of acid catalysis, it is obvious 
that generalisations based on such investigations must lose much 
of their significance. The general body of evidence furnished by 
the results of the systematic investigation of acids is certainly not 
in harmony with such a view. 

Another point to which reference should be made is the in- 
fluence of temperature on the phenomena of acid catalysis. On 
account of the relatively slow rate of sucrose hydrolysis, Arrhenius 
found it necessary to carry out his experiments at a comparatively 
high temperature (54°3°). The view that the difference in the 
temperature of the experiments may afford an explanation of the 
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divergent character of the results is not in accord with Taylor’s 
observations on the hydrolysis of ethyl acetate at 0°, 25°, and 40° 
(J. Amer. Chem. Soc., 1915, 37, 551), which led this author to the 
conclusion that the ratio k,/k, does not vary much with the 
temperature. 

Finally, a word in reference to the dual character of acid cata- 
lysis. It is quite true, as pointed out by Lapworth (this vol., 
p- 857), that the occurrence of two simultaneous time reactions 
may be interpreted in different ways. In attributing the simul- 
taneous reactions to the activity of the hydrogen ion and the non- 
ionised acid, no attempt is made to define the exact relation 
between these entities and the molecules of the solvent medium. 
However important this problem may be, it seems eminently desir- 
able that, for the present, the observed facts should be interpreted 
in terms of concepts which stand in close relation to the actual 
observations and to the ionic theory which serves as the general 
basis of interpretation. 


Summarv. 


The catalytic activity of monochloroacetic acid in presence of 
varying quantities of sodium monochloroacetate has been examined 
by measurements of the rate of isomeric change of acetone. 
Further support is obtained for the view that acid catalysis 
involves two simultaneous changes, in which the active agents are 
the hydrogen ion and the non-ionised acid respectively. 

It is shown that the results of the experiments with mixtures 
of acid and salt are in excellent agreement with the velocities of 
reaction calculated from the equation v=k,ca+k,c(1—a), where 
k, and ky are the activity-coefficients derived from experiments 
with varying concentration of monochloroacetic acid in the absence 
of salt. When increasing quantities of the sodium salt are added 
to a solution of the acid, the velocity of the catalysed reaction 
approximates to a lower limiting value which represents the effect 
produced by the non-ionised acid. 

The influence of added salt on the activity of the acid is quite 
different from that found by Arrhenius in his experiments on the 
inverting action of acetic and formic acids in the presence of the 
corresponding salts. These are generally supposed to.furnish con- 
vincing evidence of the truth of the simple hydrion theory of 
catalysis, but the observations recorded in this paper indicate that 
the theory is untenable. 


Some of the materials employed in this investigation have been 
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purchased with the aid of a grant made by the Research Fund 
Committee of the Chemical Society. For this assistance, the 
authors desire to express their best thanks. 


Puysicat CHEMISTRY LABORATORY, 
THe UnNIversity, LEEDS. [Received, August 7th, 1915.] 


CLVII.—The Root Bark of Calotropis gigantea. 
By Ernest GeorGe Hitt and Annopa PrasapD SrrxKar. 


Tue milk-like sap of Calotropis gigantea (Nat. Ord. Asclepiadee, 
Hind. Madar ; Beng. Akanda) is much used in India as a medicine, 
externally as an application to wounds, internally as an emetic, for 
fever, and as a cheap poison. The sap readily flows from a cut in 
the soft bark of the plant, and dries to a substance somewhat 
resembling gutta-percha. When applied to a raw wound the sap is 
intensely irritating. 

The plant has been examined by Warden and Waddel 
(Pharm. J., 1885, 165), who obtained from it a white, nodular 
solid, madar-alban, C,,H,0; a yellow resin, madar-fluavil, 
C,gHgg0,; a black acid resin, caoutchouc; and a yellow, bitter 
resin. No formule were assigned to the three latter. 

The above authors described madar-alban as crystallising from 
alcohol in dull, white, cauliflower-like masses, melting at 139°. 

In the present case large quantities of the plant were collected 
in September and dried. The root bark was broken up and 
digested with boiling 98 per cent. alcohol for three hours, and the 
extract concentrated. The hot extract gave on cooling (1) an oil, 
(2) a white, nodular solid. Further evaporation gave more of the 
nodular solid. Evaporation to dryness gave a yellow, bitter residue, 
which became hard on exposure to the air. The yeliow substance 
still contained oil, and was repeatedly digested with ether until 
free from oil. Digestion with boiling water gave (3) a yellow, 
bitter principle, and (4) a residue. The latter was quite hard 
when cold, and resembled gutta-percha in melting when warmed. . 

The four crude products thus obtained from 4 kilos of bark 


were: 


Oily substance ...........ccsceecsecceeeceeceees 78 grams. 
WRG COE cnccccccsiccccvccccvccccecescscsees 90-5 ,, 
Substance like gutta-percha ............... 330-5, 


Yellow bitter principle.................sese00 Small quantity. 
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The Oily Substance. 


This was found to consist of the gutta-percha-like solid, and the 
white solid dissolved in a small amount of oil, which could not be 
obtained in a pure state. 


Examination of the White Solid. 


The white solid was fairly readily soluble in hot, and very 
sparingly so in cold alcohol. It was freed from all traces of oil 
by repeated solution in hot alcohol and separation on cooling, and 
the substance thus obtained was quite white and odourless, melting 
at 139—140°. It was still nodular in shape, and not definitely 
crystalline. It was apparently identical with Warden and 
Waddel’s ‘“ madar-alban.” 

Fractional separation from hot alcohol gave substances of 
different melting points, and accordingly it was fractionated until 
constant melting points were obtained. This process was long and 
difficult, but eventually two substances were obtained, namely, 
(a) white, nodular crystals, melting at 140°, and (b) white, needle- 
like crystals melting at 210°. 

Both of these substances were very light and friable, insoluble 
in water, but soluble in most organic solvents. On heating with 
dilute sulphuric acid both gave the odour of isovaleric acid, and 
on boiling with alcoholic potassium hydroxide were saponified. 
The substance melting at 210° was less readily soluble in alcohol. 

The substances were optically active, the one melting at 140° 
having [a], + 128° in ether at 23°, whilst that melting at 210° had 
{a],, +119° under the same conditions. 


Examination of the Substance melting at 140°. 


This was analysed with the following results: 

0°2022 gave 0°5958 CO, and 0°1948 H,O. C=80°36; H=10°69. 

0°1982 ,, 05840 CO, ,, 01914 H,O. C=80°35; H=10°72. 

Found, by the ebullioscopic method in benzene, M.W.=464. 

C;;H;,0, requires C=80°15; H=10°68 per cent. M.W.=524. 

On saponification, 0°400 required 0°0415 KOH, whereas this 
amount of a substance, C3)H,,O*CO,°C,Ho, requires 0°0427 KOH. 


Isolation of a New Alcohol from the Substance melting at 140°. 


Twelve grams of the substance melting at 140° were heated on 
a water-bath under an inverted condenser with 24 grams of 
potassium hydroxide dissolved in alcohol. After a few hours 
crystals began to separate, and after eleven hours the liquid was 
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allowed to cool, and filtered. The residue consisted of regular 
hexagonal plates, which were purified by recrystallisation from a 
mixture of alcohol and ether. These melted at 176°, were spar- 
ingly soluble in alcohol, and readily so in ether. About six grams 
of the hexagonal plates were thus obtained : 


0°1982 gave 0°5936 CO, and 0°1956 H,O. C=81°68; H=10°96. 
0°1614 ,, 0°4834 CO, ,, 0°1610 H,O. C=81°68; H=11°07. 
C,)H,,0, requires C=81°81; H=10°90 per cent. 


Two grams of the hexagonal plates were boiled with acetic 
anhydride and sodium acetate, and converted into an acetyl deriv- 
ative, which crystallised from a mixture of alcohol and ether in 
needles melting at 195—196°. On boiling with alcoholic potassium 
hydroxide the hexagonal plates were again recovered : 


0°2296 gave 0°6702 CO, and 0°2130 H,O. C=79°60; H=10°30. 
Cy2H;90; requires C=79°66; H=10°37 per cent. 


On saponification 0°400 required 0°0428 KOH, whereas this 
amount of a substance, Cy3)H,,O*CO,Me, requires 0°0463 KOH. 

The hexagonal plates are thus crystals of a new alcohol, 
Cs,)H,y,O°OH, which forms an acetate, C,,)H,,O-CO,Me. For the 
alcohol the name mudarol is assigned. 

The substance melting at 140° thus appears to be mudarol 
isovalerate, but to make sure of the exact nature of the acid, the 
filtrate from the hexagonal plates after boiling the substance with 
potassium hydroxide was concentrated, acidified, and distilled in 
a current of steam. Oily drops were seen in the distillate, which 
was extracted with ether, the extract dried, evaporated, and the 
acid distilled. A liquid with the disagreeable odour of ssovaleric 
acid was obtained, which boiled at 173—175°; it gave with copper 
acetate oily drops, changing on keeping to needle-like crystals. A 
few c.c. were boiled with methyl alcohol and sulphuric acid under 
an inverted condenser and fractionally distilled. A liquid boiling 
at 116° was the main product, which has the characteristic banana- 
like odour of methyl isovalerate. 


Oxidation of Mudarol. Formation of Mudaric Acid, 


The alcohol was oxidised with chromic acid in acetic acid solution, 
and the product separated by pouring into water and thoroughly 
washing. The silver salt was precipitated from the alcoholic 
solution of the product after neutralising with ammonium hydr- 
oxide. This was a very pale green, amorphous substance. It 
contained no trace of chromium: 
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0°2484 gave 0°5838 CO,, 0°1788 H,O, and 0°0508 Ag,O. 
C=64:09; H=7°99; Ag=19°04. 

CyjpH,,0;Ag requires C=64'18; H=8°02; Ag=19°23 per cent. 

The silver salt was decomposed by boiling with sulphuric acid, 
and the acid was dissolved in alcohol, in which it was very readily 
soluble, but it did not appear to crystallise. The melting point 
of the solid acid was 225°. The name mudaric acid is assigned 
to it. 


Examination of the Needle-shaped Crystals melting at 210°. 


These were analysed with the following results: 
0°2014 gave 0°5990 CO, and 0°1958 H,O. C=81'11; H=10°80. 
Cy,H 0, requires C= 81°38; H=11°04 per cent. 
On saponification, 0°350 required 0°034 KOH, whereas this 
amount of a substance, C,,H,,0°CO,°C,Hy, requires 0°030 KOH. 
The filtrate was found to contain potassium isovalerate. 


Tsclation of a New Alcohol from the Substance melting at 210°. 


Six grams of the white solid melting at 210° were heated on a 
water-bath under an inverted condenser with 12 grams of 
potassium hydroxide dissolved in alcohol. After half-an-hour 
crystals began to separate, and after eleven hours the liquid was 
allowed to cool, and filtered. The residue consisted of needles, 
which were purified by recrystallisation from a mixture of alcohol 
and ether. The crystals melted at 215°, and were moderately 
soluble in hot alcohol, readily so in ether: 

0°1706 gave 0°5192 CO, and 0°1738 H,O. C=83°00; H=11°32. 

CygH gO, requires C=82°91; H=11°'27 per cent. 

Two grams of the crystals melting at 215° were converted into 
an acetyl derivative by boiling under an inverted condenser with 
acetic anhydride and sodium acetate. The derivative crystallised 
from a mixture of alcohol and ether in needles melting at 222°: 

0°2034 gave 0°6040 CO, and 0°1964 H,O. C=80°98; H=10°72. 

Cy HO; requires C=81°08; H=10°81 per cent. 

On saponification, 0°400 required 0°043 KOH, whereas this 
amount of a substance, C,,H,,O*CO,Me, requires 0°040 KOH. 

The needle-like crystals thus consist of a new alcohol, 
C,,H,,0°-OH, which forms an acetate, C,.H,,O-CO,Me. To the 
alcohol the name akundarol is assigned. 

The substance melting at 210° is accordingly akundarol 
isovalerate. 
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Oxidation of Akundarol. Formation of Akundarie Acid. 


The alcohol melting at 215° was oxidised with chromic acid in 
acetic acid solution, and the product separated by pouring into 
water and thoroughly washing. 

The silver salt was precipitated from the alcoholic solution of 
the product after neutralisation with ammonium hydroxide. This 
was a very pale green, amorphous substance. No traces of 
chromium were found in it: 

071520 gave 0°3768 CO,, 071182 H,O, and 0°0262 Ag,O. 

C=67°60; H=864; Ag=16°04. 

CygH,g0,Ag requires C=67°95; H =879; Ag=16°09 per cent. 

The name akundaric acid is assigned to the acid formed by the 
oxidation of akundarol. 

Both these alcohols and their isovalerates give colour reactions 
very similar to those of cholesterol and phytosterol. The chief 
differences in behaviour were that a little mudarol when dissolved 
in 2 c.c. of chloroform to which were added 20 drops of acetic 
anhydride and 1 drop of concentrated sulphuric acid gave an 
intense blue coloration, whilst akundarol under similar treatment 
gave the usual violet-pink colour. , 

These alcohols are quite different from the resin alcohols isolated 
by Cohen, van Romburgh, and others from various latices and 
resins. 


Examination of the Hard, Resinous Matter. 


This, when boiled with concentrated aqueous potassium hydr- 
oxide, evolved ammonia, and gave an aminelike odour. It 
dissolved readily in alcohol, chloroform, benzene, or dilute alkalis, 
but was insoluble in ether or dilute acids. A portion was purified 
by dissolving it in sodium hydroxide solution, filtering, and precipi- 
tating with hydrochloric acid, thoroughly washing with water, and 
redissolving in alcohol, again filtering and precipitating with water. 
The precipitate on boiling with water melted into a viscid, gutta- 
percha-like substance, forming a hard, brittle mass when cold. It 
appeared to be very sparingly soluble in hot water: 

0°3018 gave 0°6850 CO, and 0°2024 H,O. C=61:'90; H=7°43. 

0°2856 ,, 0°6486 CO, ,, 0°1812 H,O. C=61°93; H=7°04. 

Found, N=2°09. 
Cy,H4,0O,).N requires C=61°72; H=7'11; N=2'11 per cent. 

The gutta-percha-like substance obtained by the above method, 
as well as that obtained from saponification of the oil, burnt readily 
with a smoky flame. The authors have used the word “gutta- 
percha”’ because of its appearance, but they do not consider it 
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chemically related to gutta-percha, and have not found any 
caoutchouc in the plant at all. 

They have been unable to obtain a crystalline derivative of this 
substance or to isolate an alkaloid in the pure state, although the 
yellow, bitter principle gave precipitates with the usual reagents 
for alkaloids. 


Morr CoLiLEGce, 
ALLAHABAD. [Received, June 23rd, 1915.] 


CLVIII.—Condensation of Aromatic Hydroxy- 
aldehydes with Diketohydrindene. 


By Sosate GaraLapury Sastry and Broyenpra Natu GuHosu. 


Perkin and Robinson (T., 1907, 91, 1073) have shown that 
aromatic hydroxyaldehydes condense readily in the presence of 
alkali with 1-ketohydrindene to form unsaturated ketonic com- 
wae’ of the type represented by 
a’ /\—¢o on 
wo) > [| a 


yan * a) saa 


(I.) 
Later on, Perkin, Robinson and Turner (T., 1908, 93, 1085 et 
seq.) showed that pyranol derivatives can be obtained from the 
same substances if their alcoholic or acetic acid solutions are 
treated with dry hydrogen chloride. The same pyranol derivatives 
can also be obtained by treating an alcoholic solution of I with 


dry hydrogen chloride. 
Ovl 


Oe - H/ HCl (N—-07\“N 
wn cB) an WYN ZN/ 
2 


‘a. 


This observation led us to hope that diketohydrindene, with its 
high reactivity, might condense in the same manner with 
o-hydroxyaldehydes, giving ketoindopyranols. The point of 
interest in these condensations is that the ketoindopyranol deriv- 
atives which are formed are structurally very similar to the pro- 
ducts obtained from brazilin, hematoxylin, and other analogous 
substances. The object of the present investigation was to make 
a study of the constitution of these condensation products. 

The condensations have been effected both by alkali hydroxide 
and dry hydrogen chloride in alcoholic solutions of the constituents. 
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In the case of the alkali, the unsaturated ketonic derivative (IIT) 
was formed, whilst with dry hydrogen chloride a ketoindenopyranol 
anhydrohydrochloride Korg (IV) was me eee 
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The same ketoindenopyranol (IV) can also be obtained by the 
action of dry hydrogen chloride on the corresponding unsaturated 
ketonic compound (III). When hydrogen chloride was passed 
through a solution of the unsaturated ketone (III) in methyl 
alcohol, a dark red, intermediate compound separated, which soon 
dissolved as hydrogen chloride continued to be introduced. 

Since diketohydrindene reacts with other aldehydes also, giving 
products the constitutions of which are known (Wislicenus and 
Kotzle, Annalen, 1889, 252, 75), there can be very little doubt 
that the substance III has the formula ascribed to it. The fact 
that by the action of aqueous alkali on IV the substance III is 
obtained, which again by the action of dry hydrogen chloride 
passes on to IV, readily establishes the constitution of the final 
product (IV). 

There is another interesting point in connexion with the colour 
and constitution of these substances. Perkin, Robinson and 
Turner (loc. cit.) suggested that the colour of the pyranol deriv- 
atives is due to the orthoquinonoid arrangement in the molecule, 
as, for example, in II. All the condensation products of diketo- 
hydrindene with o-hydroxyaldehydes that have been obtained are 
also highly coloured, and we also are of opinion that the colour of 
these substances is due to the orthoquinonoid structure in the mole- 
cule, with the difference that the quinonoid —— in IV 
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varies slightly with that advocated by the previous workers, as in 
II. In support of this view, the following facts may be noted. 

Since both I and III are coloured, and the products II and IV 
respectively obtained from them are also coloured, it is quite prob- 
able that whatever arrangement exists in I and III, the same 
arrangement is likely to remain undisturbed in II and IV also. If 
the colour of I is due to the orthoquinonoid arrangement in the 
molecule, then there is no reason why, to account for the colour 
in II, the quinonoid arrangement in I should be reversed. The 
explanation would be quite simple, on the other hand, if the sub- 
stances are represented according to the scheme in III and IV. 

Further strong evidence in support of our view is that the acetyl 
derivatives of the unsaturated ketones are also coloured like the 
parent substances. This shows that the colour of the compound 
has nothing to do with an orthoquinonoid arrangement in the 
benzene nucleus. 

It is interesting to note, also, that the bromo-compounds pre- 
pared from the acetyl derivatives of the unsaturated ketones are 
almost colourless. This is what one would expect, indicating that 
the orthoquinonoid arrangement in the molecule is disturbed, the 
bromine atoms probably entering at the ends of a conjugated 
system of double bonds. 

The highly coloured free bases obtained from these indopyranol 
anhydrohydrochlorides may be represented according to the scheme 
in IV in the following way: 


OH 

6 
a : 
ANAS 

CO CH 


(V.) 


EXxPERIMENTAL. 


Action of Phenylhydrazine on 2'-Hydrozy-1 : 3-diketo-2- 
benzylidenehydrindene. 


2/-Hydroxy-1 : 3-diketo-2-benzylidenehydrindene,* dissolved in 
acetic acid, was treated in the usual way with an excess of phenyl- 


* This was prepared by Kostanecki and Saczkowski’s method (Ber., 1897, 
30, 2139). The dibromo-derivative, prepared by treating a chloroform 
solution of the acetyl derivative with bromine, crystallises from acetic acid 
in pale yellow needles melting at 122° : 

0-2132 gave 0-1763 AgBr. Br=35-1: 

C,,H,,.0,Br, requires Br= 35-4 per cent. 
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hydrazine, but nothing separated. The product obtained by pour- 
ing the solution into water was found to be a mixture, probably 
of the phenylhydrazone of diketohydrindene and salicylaldehyde 
(compare Perkin and Robinson, T., 1907, 91, 1088). 


4'-Keto-2: 3-indeno-1: 4-benzopyranol Anhydrohydrochloride (IV.). 


A mixture of 3 grams of salicylaldehyde and 3°5 grams of diketo- 
hydrindene was dissolved in the minimum quantity of methyl 
alcohol, and a rapid current of dry hydrogen chloride passed into 
it for three hours. The solution became dark red, and soon de- 
posited dark red crystals. The mixture was kept overnight, the 
crystals collected, washed with methyl alcohol, and recrystallised 
from acetic acid containing a little hydrochloric acid. The sub- 
stance crystallises in prisms, which are bright orange-red when 
moist, and brown when dried over concentrated sulphuric acid in 
a vacuum. It does not melt even at 320°, but chars at higher 
temperatures. When heated in a test-tube, it gives off water and . 
hydrogen chloride. It is insoluble in aqueous sodium hydroxide: 

0°1360 gave 0°3626 CO, and 0°0419 H,O. C=72°71; H=3°42. 

C,,H,O,Cl,H,O requires C=72°57; H=3'14 per cent. 

The above compound was also prepared by dissolving 2/-hydroxy- 
1: 3-diketo-2-benzylidenehydrindene in methyl alcohol, and satu- 
rating the solution with dry hydrogen chloride. A red, crystal- 
line compound separated at once, which soon dissolved, and the 
solution gradually became dark red, slowly depositing a red, 
crystalline compound. This was treated in the same way as 
described above. 


4'-Keto-2: 3-indeno-1: 4-benzopyranol (V.). 


This was prepared by dissolving 4/-keto-2: 3-indeno-1 : 4-benzo- 
pyranol anhydrohydrochloride in alcohol, and treating the solution 
with an excess of an aqueous solution of sodium acetate. The pre- 
cipitate was collected and crystallised from alcohol, from which it 
separated in brown needles. The substance chars on heating, and 
has no definite melting point: 

0°1200 gave 0°3270 CO, and 0°0452 H,O. C=74:07; H=4'17. 

C,¢H03,4H,O requires C=74°13; H=4°24 per cent. 


Decomposition of 4'-Keto-2: 3-indeno-1: 4-benzopyranol 
Anhydrohydrochloride. 


The composition of the pyranol anhydrohydrochloride was proved 
by decomposing it with dilute alkali hydroxide. Two grams of the 
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hydrochloride were dissolved in alcohol and heated with a 10 per 
cent. sodium hydroxide solution until a sample, on dilution with 
water, no longer deposited any solid matter. The solution was 
then poured into water, and acidified with dilute acetic acid. The 
precipitate was collected, washed, and dried. It was found to melt 
and decompose at 195°. The acetyl derivative was then prepared, 
and identified with the acetyl derivative of 2/-hydroxy-1: 3-diketo- 
2-benzylidenehydrindene. 


2/: say 3-diketo-2-benzylidenehydrindene, 
Ok oH/ SoH 
oH) 


A mixture of 2 grams of oaciaoeitiet and 2 grams of diketo- 
hydrindene in alcohol was treated with 3 grams of potassium 
hydroxide (in 5 c.c. of water). The mixture was heated for half 
‘an hour, and then poured into water and acidified with dilute 
acetic acid. The precipitate, after being collected and washed, was 
crystallised from alcohol, from which it separated in brown prisms. 
It does not melt, but chars at high temperatures: 

0°1150 gave 0°2840 CO, and 0°0430 H,O. C=67°35; H=4°15. 

C,,H,,0,,H,O requires C=67°60; H=4°22 per cent. 

The compound is almost insoluble in benzene, ether, chloroform, 
light petroleum, carbon tetrachloride, ethyl acetate, or tetrachloro- 
ethane, and sparingly soluble in alcohol or acetic acid. It dissolves 
in sodium hydroxide to a red solution. When treated with ferric 
chloride in alcoholic solution, it gives a brown ferric salt. 

The acetyl derivative was prepared in the usual manner. It 
crystallises from acetic acid in brown prisms, melting and decom- 
posing at 235°, after changing colour at 210°: 


0°1060 gave 0°2604 CO, and 0°0406 H,O. C=66°99; H=4°25. 
C.9H,,0,,4H,O requires C= 66°84; H=4°7 per cent. 

The bromo-derivative of the above acetyl derivative was prepared 
by treating an acetic acid solution of the substance with the calcu- 
lated quantity (2 atoms) of bromine. The solution was kept for 
an hour, and then poured into water; the precipitate was collected, 
washed, and crystallised from acetic acid, when brownish needles 
were obtained, which did not melt at 320°: 


0°2000 gave 0°1470 AgBr. Br=31°27. 
C.9H,,0,Br. requires Br = 31°49 per cent. 
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7-Hydroxy-4'-keto-2 : 3-indeno-1 :4-benzopyranol Anhydrohydro- 


This was prepared from resorcylaldehyde (2 grams) and diketo- 
hydrindene (2 grams) by passing dry hydrogen chloride into a solu- 
tion of the mixture in methyl alcohol in the same manner as 
described previously. The anhydrohydrochloride crystallises from 
methyl! alcohol containing a little hydrochloric acid in bright red 
prisms. It has no definite melting point, but decomposes at high 
temperatures. It dissolves in alkali, giving a reddish-violet 
solution : 

0°1120 gave 0°2274 CO, and 0°0476 H,O. C=55°37; H=4°73. 

C,,H,O,C1,34H,O requires C=55°33; H=4°63 per cent. 

This pyranol anhydrohydrochloride was also prepared from 
2/: 4/-dihydroxy-1 : 3-diketo-2-benzylidenehydrindene in the same 
manner as described previously, by dissolving the substance in 
methyl alcohol and saturating the solution with dry hydrogen 
chloride. Immediately after passing the hydrogen chloride, the 
same phenomenon was observed as in the treatment of 2/-hydroxy- 
1: 3-diketo-2 : 3-benzylidenehydrindene with hydrogen chloride. 


7-H ydroxy-4'-keto-2 : 3-indeno-1: 4-benzopyranol, 
OH 
/\— 7 Vou 


This was prepared by treating an alcoholic solution of the corre- 
sponding anhydrohydrochloride with an aqueous solution of sodium 
acetate. It separates from alcohol as a dark brown, amorphous 
precipitate with a metallic lustre: 

0°1370 gave 0°2852 CO, and 0°0616 H,O. C=56'77; H=5-00. 

C),.H90,,4H,O requires C=56°80; H=5°32 per cent. 


Decomposition of 7-Hydroxy-4'-keto-2 : 3-indeno-1 : 4-benzopyranol 
Anhydrohydrochloride. 


Two grams of the hydrochloride dissolved in alcohol were decom- 
posed by boiling with 7 per cent. aqueous sodium hydroxide for 
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about an hour. The solution was acidified with acetic acid, and 
the precipitate collected and boiled with acetic anhydride and 
sodium acetate. The acetyl derivative thus obtained was identified 
as the acetyl derivative of 2’: 4/-dihydroxy-1: 3-diketo-2-benzyl- 
idenehydrindene. 


2'-Hydroxy-1 : 3-diketo-2-naphthylidenehydrindene, 
Ow on’ 
A 


V% 


This was prepared in the same manner as described before, from 
3°5 grams of 2-naphthol-l-aldehyde and 3 grams of diketo- 
hydrindene, by dissolving them in alcohol, and treating the mix- 
ture with 3 grams of potassium hydroxide (in 5 c.c. of water). On 
warming, the potassium salt separated out as a dark red, crystal- 
line mass. After the reaction was complete, the mass was poured 
into water and acidified with dilute acetic acid, when a semi-solid 
material was obtained. This was repeatedly crystallised from acetic 
acid, when it was obtained in dark red plates, melting and decom- 
posing at 298°. It is sparingly soluble in alcohol, forming a dull 
brown solution, which turns red on the addition of ferric chloride. 
The yield was small as compared with the previous cases. The 
sodium salt is brown: 

0°1100 gave 0°3362 CO, and 0°0440 H,O. C=83°35; H=4°44. 

Cy9H,,0, requires C=83°33; H=4°'16 per cent. 


4!-K eto-2: 3-indeno-1: 4-naphthapyranol Anhydrohydrochloride, 
OX) 
we py4 \/ se 


4 


This was prepared, in the manner described previously, by start- 
ing with 3-5 grams of 2-naphthol-l-aldehyde and 3 grams of diketo- 
hydrindene. It crystallises from acetic acid containing hydro- 
chloric acid in dark brown prisms, which shrink at 110°, and begin 
to decompose at 130°, the decomposition being complete at 150°. 
It is soluble in alcohol or benzene, but insoluble in light petroleum 
or water: 

0°1244 gave 0°3422 CO, and 0°0416 H,O. C=75°46; H=3°65. 

Cy9H,,0,Cl requires C=75°47; H=3°45 per cent. 
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4!-K eto-2: 3-indeno-1: 4-naphthapyranol, 


This was prepared from the corresponding hydrochloride in the 
same manner as described previously. It crystallises from alcohol 
in brown prisms, melting and decomposing at 125°. It is soluble 
in benzene, alcohol, or acetic acid, sparingly so in light petzeloum, 
and insoluble in water: 

0°1358 gave 0°3742 CO, and 0°0600 H,O. C=75°15; H=4'61. 

Co9H.03,H,O requires C=75°47 ; H=4°40 per cent. 


We desire to express our thanks to Dr. Smiles and Dr. Tuck for 
the interest they have taken in the work. 


ORGANIC CHEMICAL LABORATORY, 


UNIVERSITY COLLEGE, 
LONDON. [Received, July 2nd, 1915.] 


CLIX.—Studies in the Phenylsuccinic Acid Series. 
Part II. Some Derivatives of the Optically 
Active Diphenylsuccinic Acids. 


By Henry Wren and Cuartes James STILL. 


In a previous communication (this vol., p. 444), the resolution of 
r-diphenylsuccinic acid into its optically active components has 
been described, the d- and J-acids being obtained by fractional 
crystallisation of the brucine salts. The work was undertaken 
primarily with the object of elucidating the configuration of the 
stereoisomeric diphenylsuccinic acids, but the high optical activity 
of the acids obtained (the d-acid has [a]}} + 397°9° in acetone solu- 
tion), the extensive investigation to which the inactive derivatives 
have been subjected, and the comparatively limited knowledge of 
the chemistry of the active derivatives of these or similarly con- 
stituted substances appeared to render an examination of their 
derivatives a matter of interest. Certain salts, esters, and 
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anhydrides of d- and J/diphenylsuccinic acids are therefore 
described in the present communication. 

The barium salts of 7- and meso-diphenylsuccinic acids are of 
particular importance, since their widely differing solubilities in 
water afford a ready means of separating the parent acids. The 
former crystallises with two or four molecules of water, and is 
soluble in 312 parts of water at 17—18°; the latter has seven 
molecules of water, and dissolves in 4°742 parts of water (Anschiitz 
and Bendix, Annalen, 1890, 259, 81). Barium d-diphenylsuccinate 
separates from its aqueous solution in well-defined prisms, which 
contain five molecules of water of crystallisation, four of which 
are lost at 100—105°, the fifth being expelled at 200—210°. It 
is soluble in 330 parts of water at 7°, and thus, in this respect, 
closely resembles the corresponding salt of the r-acid. In each 
case, the solubilities are calculated for the anhydrous salt. 

The diphenylsuccinic acids are readily esterified by methyl 
alcohol and sulphuric acid, the methyl esters of the meso-, r-, and 
active acids melting at 218°5—-219°5°, 173°5—-174°, and 165--166° 
respectively. By the action of an ethereal solution of iodine on a 
methyl-alcoholic solution of ethyl phenylacetate and sodium 
methoxide, Komnenos (Annalen, 1910, 375, 254) has obtained a 
substance, melting at 210°, which is regarded as methyl r-dipheny]- 
succinate, since, when hydrolysed, it yields r-diphenylsuccinic acid ; 
in view of the fac that the latter substance is obtained in con- 
siderable quantity by the action of potassium hydroxide on ethyl 
meso-diphenylsuccinate (Wren and Still, Joc. cit.), this line of 
reasoning scarcely appears valid, and it would seem that the pro- 
duct prepared by Komnenos is a mixture of the r- and meso-esters ; 
this supposition gains in probability from the fact that the cofre- 
sponding ethyl esters are formed simultaneously when ethereal 
solutions of iodine and ethyl phenylacetate react in the presence 
of solid sodium ethoxide. 

In accordance with expectations, the optically active phenyl- 
succinic acids react considerably less readily with ethyl than with 
methyl alcohol; esterification by the Fischer-Speier method leads 
to a mixture of acid and normal esters, the former of which 
separate in the form of sparingly soluble sodium salts when the 
crude product is shaken with dilute sodium carbonate solution. 
The normal ethyl esters of the active acids melt at 104—105°, the 
values for the corresponding meso- and r-derivatives being 
140—141° and 82—83°5° respectively. With the ethyl esters, 
therefore, the melting points of the active substances are higher 
than that of the racemic compound, whilst with the methyl esters 
the reverse is the case, 
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d-Diphenylsuccinie acid is not appreciably racemised by pro- 
longed treatment with an excess of aqueous potassium hydroxide 
at the temperature of the boiling-water bath. This result appears 
at first sight rather unexpected (compare Rothe, Ber., 1914, 47, 
843; also McKenzie and Widdows, this vol., p. 702), since the 
acid contains two hydrogen atoms in neighbouring positions to the 
carboxyl groups, but probably the mobility of these atoms is con- 
siderably restricted by their proximity to groups of rather high 
molecular weight (compare Meyer, Annalen, 1888, 250, 124). On 
the other hand, considerable racemisation occurs during the hydro- 
lysis of the optically active esters with aqueous alcoholic potassium 
hydroxide. Apparently in this instance, as in the case of tartaric 
acid investigated by Winther (Zeitsch. physikal. Chem., 1905, 56, 
466, 720), one asymmetric carbon atom is first affected, since meso- 
diphenylsuccinic acid can be isolated from the product of the re- 
action, although the effect of alkali is known to tend towards the 
conversion of the meso- into the r-acid. 

The inactive diphenylsuccinic anhydrides have been the subject 
of some controversy. According to Tillmanns (Annalen, 1890, 
258, 90), the r- and meso-acids are transformed by acetyl chloride 
into distinct anhydrides, which, though closely similar in melting 
point (111—112° and 112° respectively), are distinguished by 
yielding r- and meso-diphenylsuccinic acids when treated with 
water. Anschiitz and Benedix (Annalen, 1890, 259, 73), on the 
other hand, found that r-diphenylsuccinic acid reacts with acetyl 
chloride at the ordinary temperature to yield an anhydride, melt- 
ing at 115—116°, which is converted by hot water into a mixture 
of r-acid (about 96 per cent.) and meso-acid (about 4 per cent.), 
whilst a rather greater proportion of the latter acid is formed 
when potassium hydroxide solution is employed. The meso-acid 
itself reacts less readily with acetyl chloride; in two experiments, 
the anhydride formed gave 70°6 and 81°8 per cent. of r-acid and 
26°1 and 18°5 per cent. of meso-acid when treated with water. 
The optically active diphenylsuccinic acids react fairly readily with 
acetyl chloride or thionyl chloride, yielding the corresponding 
anhydrides, which melt at 105°5—106°5° after slight previous 
softening, and have [a], +287°7° in benzene solution. When 
treated with hot water, they pass into diphenylsuccinic acids of 
the same sign, which contain about 8 per cent. of optically inactive 
material, and from which mesodiphenylsuccinic acid can be 
isolated in very small quantity. With cold ethyl alcohol, a rather 
complex action appears to take place. The ethyl hydrogen ester 
which is formed contains approximately 80 per cent. of the active 
material. Attempts to isolate a pure substance from the product 
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of the reaction were, however, unsuccessful. After crystallisation 
from light petroleum, a small quantity of material was obtained 
which was not completely molten below 146°. Since ethyl 
hydrogen J/-diphenylsuccinate melts at 113°5—114'5°, and the 
racemic compound at 140° (Franchimont, Ber., 1872, 5, 1050), 
it seems probable that the corresponding meso-derivative 
is also present. In a somewhat similar experiment, in which 
r-diphenylsuccinic anhydride was dissolved in chloroform contain- 
ing ethyl alcohol, Anschiitz and Bendix (loc. cit.) obtained a pro- 
duct, analyses of which gave results in agreement with those re- 
quired for the ethyl hydrogen ester, but the physical constants 
(m. p. of crop, 164—168°; m. p. of substances from mother liquor, 
156—174°) appear to show that the material was not uniform. 
The specific rotations of the substances described have been 
observed in a number of solvents. In general, the high optical 
activity of the parent acids is shared by their derivatives, but 
otherwise little regularity is displayed. In acetone, methyl and 
ethyl alcohols, ethyl acetate or chloroform solution, the esters 
have closely similar specific rotations; in carbon tetrachloride solu- 
tion, however, a not inconsiderable exaltation is observed. The 
anhydrides are less active than the corresponding acids, whilst also 
the rotation in carbon tetrachloride is lower than in ethyl acetate 


solution. 
ExPERIMENTAL. 


Preparation of Barium d-Diphenylsuccinate. 


Pure d-diphenylsuccinic acid (1 gram) was suspended in hot 
water and exactly neutralised with aqueous barium hydroxide. 
After concentration and cooling, barium d-diphenylsuccinate 
separated in well-defined prisms, which were purified by crystal- 
lisation from hot water: . 

0°3818 * gave 0°1790 BaSO,. Ba=27°6. 

0°2380 lost 0°0349 at 100—105° and 0°0423 at 200—210°. 

4H,O=14°66 ; 5H,0=17°77. 
C\,H,,0,Ba,5H,O requires Ba = 27°7 ; 4H,O = 14°55 ; 5H,O=18°18 
per cent. 

27°287 Grams of aqueous solution, saturated at 7°, left 0°0824 
gram of barium salt after desiccation at 200—205°, equivalent to 
1 part of anhydrous salt in 330 parts of water. 


Esterification of the Diphenylsuccinic Acids by Methyl Alcohol. 


The diphenylsuccinic acids are readily esterified by methyl 
alcohol and concentrated sulphuric acid according to the Fischer- 


* Air-dried, 
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Speier method, the initially clear solution gradually depositing 
the ester during the process;in the case of the meso-acid, how- 
ever, separation of the ester commences before the acid has com- 
pletely dissolved, so that a homogeneous mixture is not obtained at 
any point. After removal of the bulk of the alcohol, the ester is 
most. conveniently dissolved in chloroform, shaken with dilute 
sodium carbonate solution, and subsequently crystallised from 
methyl alcohol. 

Methyl d-diphenylsuccinate separates from methyl alcohol in 
shining platelets, which melt at 165—166°. It is sparingly soluble 
in the boiling solvent, very sparingly in the cold. It dissolves 
readily in cold acetone, chloroform, or ethyl acetate, less readily 
in ether or carbon disulphide. It is readily soluble in boiling 
benzene, moderately so in boiling ethyl alcohol or light petroleum 
(b. p. 60—80°), from which it can easily be recrystallised. For 
analysis and determination of specific rotation, the ester was dried 
in a vacuum over calcium chloride until constant in weight: 

0°1517 gave 0°4026 CO, and 0°0845 H,O. C=72°4; H=6°2. 

C,,H,,0, requires C=72°5; H=6'l per cent. 
The following determinations of the specific rotation were made: 

In acetone solution : 

l=2, c=1°0820, af$*+7°4°, [a]if* + 341°9°. 

In chloroform solution: 

Z=2, c=1°0615, af}*+8-00°, [a]p* + 376°8°. 

Methyl |-diphenylsuccinate exactly resembles its optical antipode 
in preparation and solubility. It melts at 165—166°: 

0°1837 gave 0°4869 CO, and 0°1004 H,O. C=72°3; H=6'1. 

C,gH,,0, requires C=72°5; H=6'1 per cent. 
The specific rotation was determined in a number of solvents. 
In acetone solution : 
[=2, c=1°3505, ap* — 9°24°, [a]P* —342°1°. 
In ethyl acetate solution : 
1=2, c=1°6095, a}*—11°76°, [aj}*—365°3°. 
In carbon tetrachloride solution : 
t=2, e=1°3315, a}* —11°50°, [alis* —431°8°. 


Methyl r-diphenylsuccinate separates from boiling methyl 
alcohol, in which it is considerably less soluble than the corre- 
sponding optically active esters, in transparent, rhombic platelets. 
It dissolves readily in cold chloroform, rather less readily in cold 
acetone, ethyl acetate, or benzene. It is moderately soluble in 
boiling ethyl alcohol or light petroleum (b. p. 70—80°), sparingly 
so in boiling ether. It melts at 173°5—174°: 
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0°1841 gave 0°4876 CO, and 0°1005 H,O. C=72:2; H=6'l. 
C,,H,,0, requires C=72°5; H=6'1 per cent. 

Methyl mesodiphenylsuccinate crystallises in fine needles, which 
are more sparingly soluble than the isomeric esters. It dissolves 
readily in cold chloroform or in boiling benzene, moderately in 
boiling ethyl acetate or acetone, sparingly in boiling methyl and 
ethyl alcohol or ether, and very sparingly in boiling light petroleum 
(b. p. 70—80°). It is conveniently crystallised from a consider- 
able volume of ethyl alcohol or acetone. It melts at 218°5—219°5°: 

0°1425 gave 0°3787 CO, and 0°0776 H,O. C=72°5; H=6'1. 

C,3H,,0, requires C=72°5; H=6'1 per cent. 


Action of Alkali on d-Diphenylsuccinic Acid and its Esters. 


Methyl d-diphenylsuccinate ([a],, + 338°8° in acetone, 0°9 gram) 
was heated with boiling aqueous alcoholic potassium hydroxide 
(0°52N, 50 c.c.) during two hours. The solution was evaporated 
nearly to dryness on the water-bath, the residue diluted with 
water, acidified, and the liberated diphenylsuccinic acid extracted 
with ether. Its specific rotation was determined in acetone 
solution : 

l=2, c=2°429, a, +14°35°, [a]. +295°4°. 

Pure d-diphenylsuccinic acid has [a]§ +397°3° when dissolved in 
acetone. 

In order to examine the influence of the concentration of the 
alkali on the process of racemisation, and also to determine 
whether mesodiphenylsuccinic acid is formed, the experiment was 
repeated with a larger quantity of material and with a more con- 
centrated solution of alkali, the ethyl ester being used in this 
instance. 

Pure ethyl d-diphenylsuccinate (3 grams) was boiled for two 
hours with 50 c.c. of aqueous alcoholic potassium hydroxide 
(0°978N). The resulting solution was heated in an open dish until 
the alcohol was expelled, water being added from time to time so 
that the volume of the solution remained practically constant. 
After acidification with dilute sulphuric acid, the liberated acids 
were extracted with ether in a Hagemann’s apparatus. The ether 
was removed, and the mixture of acids polarimetrically examined 
in acetone solution : 

l=2, c=1'7765, ay) +7°78°, [a], +218°9°. 

The acids were suspended in hot water and neutralised by 
aqueous barium hydroxide. The solution was concentrated and 
cooled, and the crystalline crop of barium salts removed. The 
filtrate was evaporated to dryness on the water-bath, and the 
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ing at 227—-229°, was isolated in small quantity. 


d-Diphenylsuccinic acid is scarcely affected by prolonged treat- 
ment with an excess of hot aqueous alkali. In one experiment, 
d-diphenylsuccinic acid ({a], +391°0° in acetone, 0°96 gram) was 
dissolved in 100 c.c. of aqueous potassium hydroxide solution 
(0°772N). A portion of this solution when examined in a 2-dcem. 
tube had a, +5°55°. The solution was heated during eleven hours 
on the boiling-water bath; at the end of this period, the activity 
of the solution was found to be unchanged, whilst the recovered 
acid had [a], +379°5° (c=2, c=2°8695, ap) +21°88°) in acetone 


solution. 


Esterification of d- and |-Diphenylsuccinic Acids with Ethyl 


Alcohol. 


The esterification of the optically active diphenylsuccinic acids 
with ethyl alcohol, according to the Fischer-Speier method, pro- 
ceeds considerably less rapidly than with methyl alcohol, and is 
not fully effected by protracting the duration of heating or in- 
creasing the quantity of mineral acid beyond the customary limits. 
When the ethereal solution of the mixture of esters is shaken with 
dilute sodium carbonate solution, the sodium salt of the acid ester 
separates as a voluminous, white precipitate. The normal esters 
are readily purified by crystallisation from ethyl alcohol or light 


petroleum (b. p. 40—60°). 


Ethyl \-diphenylsuccinate crystallises in rectangular plates, which 
melt at 104—105°. It dissolves readily in cold ether, acetone, 
ethyl acetate, chloroform, carbon tetrachloride, or benzene. 
freely soluble in boiling ethyl alcohol, sparingly so in the cold 
solvent, and moderately soluble in boiling light petroleum (b. p. 


40—60°) : 


0°2166 gave 0°5828 CO, and 0°1303 H,O. C=73°4; H=6°7. 


CopH 0, requires C=73'6; H=6'8 per cent. 


The following determinations of the specific rotation were made: 


In acetone solution : 
l=2, e=1°4265, ap* —7°98°, [a]p* —279°7°. 

In ethyl alcoholic solution : 

l=2, c=0°7370, apt —4°24°, [a]>* —287°6°. 


residue (0°57 gram) treated with hot water (3 c.c.) in quantity 
rather more than sufficient to dissolve an equal weight of barium 
mesodiphenylsuccinate. After cooling, the undissolved portion was 
separated ; the filtrate was acidified with hydrochloric acid, whereby 
a bulky, white precipitate was obtained, from which, after purifica- 
tion from boiling ethyl alcohol, mesodiphenylsuccinic acid, melt- 
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In carbon tetrachloride solution : 
1=2, e=1°5795, af* —11°29°, [a]? —357°4°. 

Ethyl d-diphenylsuccinate melts at 104—105°, and resembles the 
l-isomeride in appearance and solubility: 

0°1706 gave 0°4594 CO, and 0°1021 H,O. C=735; H=6°7. 

CxH 0, requires C=73°6; H=6°8 per cent. 
The specific rotation was observed in a number of solvents. 
In acetone solution : 
t=2, c=2°0525, aff + 11°47°, [a] +279°4°. 
In methyl-alcoholic solution : 
l=2, e=0°8160, ap*+4°59°, [a]p* +281°3°. 
In ethyl acetate solution : 
l=2, c=3°6605, a} + 21°59°, [a]® + 294°9°. 
In chloroform solution . 
t=2, c=2°057, ap*® +12°57°, [a]>* + 305°5°. 

Ethyl sodium d-diphenylsuccinate separated as a voluminous, 
white precipitate during the purification of the crude product 
obtained by esterifying d-diphenylsuccinic acid. It was purified 
by crystallisation from hot water, in which it is freely soluble, 
although very sparingly in the cold solvent. It forms pearly 
leaflets, which were dried on porous earthenware exposed to the 
air: 

0°4061 lost 0°0768 at 100—102° and gave 0°0716 Na,SQ,. 

H,O=18°91; Na=5°71. 
0°5059 lost 0°0964 at 100—105°. H,O=19°05. 
C,,H,,0,Na,4H,O requires H,O=18°4; Na=5'86 per cent. 

When heated to 170°, the substance darkened in colour and 
evolved acrid fumes. 

Ethyl hydrogen |-diphenylsuecmate was prepared by acidifying 
the corresponding sodium salt with dilute sulphuric acid, and 
extracting with ether. The slightly viscid residue which remained 
after removal of the ether was purified by repeated crystallisation 
from boiling light petroleum (b. p. 60—80°), from which it slowly 
separated as a voluminous, white powder, which became strongly 
electrified when gently rubbed with a spatula. It is sparingly 
soluble in boiling light petroleum, very readily so in cold acetone, 
and readily so in cold ethyl alcohol. It melts at 113°5—114°5°. 
For analyses and determinations of specific rotation, the substance 
was placed in a vacuum over paraffin wax until constant in weight: 

0°3145 neutralised 14°9 c.c. of 0°072N-barium hydroxide. Calc., 

14°67 c.c. 
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01165 gave 0°3107 CO, and 0°0637 H,O. C=727; H=6'l. 
C,,H,,0, requires C=72°5; H=6'1 per cent. 
The following determinations of the specific rotation were made: 
Jn acetone solution : 
1=2, c=1°4496, alf* —9°53°, [a |i}* —328°7°. 
In ethyl-alcoholic solution : 
1=2, c=0°5292, aif* —3°34°, [a]'§* —315°6°. 
In carbon tetrachloride solution : 
l=2, c=0°6392, a —4°94°, [a]? —386°4°. 


Preparation of d- and 1-Diphenylsuccinic Anhydrides. 


Action of Acetyl Chloride on 1-Diphenylsuccinie Acid.— 
L-Diphenylsuccinic acid ([a], —380° in acetone, 6°4 grams) was 
covered with acetyl chloride (19 c.c.) in a small flask provided with 
a calcium chloride tube. At 0°, a scarcely perceptible action 
occurred, and at the ordinary temperature hydrogen chloride was 
only very slowly evolved. The mixture was therefore very gradu- 
ally heated to 30°, and maintained at this temperature until evolu- 
tion of hydrogen chloride ceased. The clear solution which was 
thus obtained was evaporated in a vacuum over soda-lime, when 
the residue readily solidified. It was purified by repeated crystal- 
lisation from light petroleum (b. p. 60—80°) containing 10 per 
cent. of its volume of benzene. The crystals were washed with 
light petroleum (b. p. 40—60°), and kept in a vacuum over calcium 
chloride and paraffin wax. 

|-Diphenylsuccinie anhydride forms oblique prisms, which melt 
at 105°5—106°5° after slight previous softening. It is readily 
soluble in cold benzene, chloroform, acetone, or ether, and sparingly 
so in cold ethyl alcohol or boiling light petroleum (b. p. 60—80°) : 

0°2986, after treatment with water, neutralised 34°7 c.c. of 

0°0680N-barium hydroxide. Calc., 34°8 c.c. 
0°1968 gave 0°5503 CO, and 0°0852 H,O. C=76'3; H=4°8. 
C,\,H,,0, requires C=76°2; H=4'8 per cent. 
The following determinations of the specific rotation were made: 
In benzene solution : 
v=2, c=16284, af* —9°37°, [a]f* —287°7°. 
In toluene solution : 
l=2, c=1°4945, ap* —8'53°, [a]* —285°4°. 
In ethyl acetate solution : 
l=2, c=1°465, a} —7°71°, [a]? —263°1°. 

In carbon tetrachloride solution : 

[=2, e=1°2985, a}* —6°43°, [a]#* — 247 6°. 

VOL. CVII. 
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Action of Acetyl Chloride on 4d-Diphenylsuccinie Acid.— 
d-Diphenylsuccinic anhydride was obtained by the action of acetyl 
chloride on the d-acid in the manner adopted for the /-isomeride. 
It melts at 105°5—106°5° after slight previous softening. In 
appearance and solubility it resembles the isomeric /-anhydride: 

0°1906 gave 0°5324 CO, and 0°0819 H,O. C=762; H=48. 

C,gH,.0, requires C=76°2; H=4'8 per cent. 
The specific rotation was determined in benzene and chloroform 
solution : 

In benzene solution : 

1=2, c=1°2210, a}* +-6°99°, [a]t* + 286°2°. 
In chloroform solution : 
1=2, c=1°3965, a}® + 6°87°, [a}}* + 246°0°. 

Action of Thionyl Chloride on d-Diphenylsuccinie Acid.— 
d-Diphenylsuccinic acid (1°3 grams) was covered with thionyl 
chloride (6 c.c.). Practically no action occurred at the ordinary 
temperature. The mixture was therefore very slowly heated to 
60°, when a clear solution was obtained, from which hydrogen 
chloride was not further evolved. Excess of thionyl chloride was 
removed over soda-lime, and the residue purified from a mixture 
of benzene and light petroleum (b. p. 60—80°). The d-dipheny]l- 


succinic anhydride obtained in this way melted at 105°5—106°5° 
after slight previous softening. It was polarimetrically examined 
in benzene solution : 

1=2, e=1°4075, ap +8°'10°, [a]> + 287°7°. 


Interaction of Water or Ethyl Alcohol and the Optically Active 
Diphenylsuccinic Anhydrides. 


Action of Water on 1-Diphenylsuccinic Anhydride.—l-Dipheny]- 
succinic anhydride (0°2986 gram) was heated on the boiling-water 
bath with water (about 100 c.c.) during three hours. The sub- 
stance gradually passed into solution, and combination with water 
was shown to be complete by titration with standard aqueous 
barium hydroxide. The solution was acidified, the liberated acid 
extracted with ether, and, after desiccation at 100—105°, polari- 
metrically examined in acetone solution : 

l=2, c=1°4275, ay —10°34°, [a],, —362°2°. 

For the pure isomeric d-acid, the value [a]? +397°3° has been 
determined. 

Action of Water on d-Diphenylsuccinic Anhydride —Pure 
d-diphenylsuccinic anhydride (1 gram) was heated with water 
(about 150 ¢.c.) on the boiling-water bath for three hours. The 
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cooled solution, from which a bulky precipitate had separated, was 

exhaustively extracted with ether in a Hagemann’s apparatus. 

The acid, after removal of ether, was examined in acetone solution : 
1=2, e—1°5585, a, +11°35°, [a], + 364-19. 

The crude mixture of acids was transformed into the barium 
salts, which were fractionally crystallised from water. On acidifi- 
cation of the most soluble portion, a very small quantity of meso- 
diphenylsuccinie acid was obtained, which, after being recrystal- 
lised from ethyl alcohol, melted at 228—230°. 

Action of Ethyl Alcohol on 1-Diphenylsuccinie Anhydride.— 
LDiphenylsuccinic anhydride (0°7748 gram) was allowed to remain 
in contact with ethyl alcohol at the ordinary temperature during 
two days, at the end of which time it was completely dissolved. 
The solution was made up to 25 c.c. A portion of it, when ex- 
amined in a 2-dem. tube, had aj’ —19°07°, this value being un- 
changed after a further five hours. On the assumption that the 
anhydride is completely converted into the ethyl hydrogen ester, 
this corresponds with a specific rotation —260°3° for the latter 
(¢=3°6732), whereas the pure acid ester has [a]\}* —315°6° in 
ethyl-alcoholic solution (¢=0°6615). The solution was evaporated 
to dryness at the ordinary temperature. The residue had 
|a],, —261°3° in acetone solution (¢=1°280), whilst the pure ester 
has [a]>° —328°7° under similar conditions. Attempts to isolate 
a uniform substance were unsuccessful; after two crystallisations 
from light petroleum (b. p. 60—-80°), a product was obtained which 
softened from 90° onwards, the bulk melting at about 112°, but 
small portions remaining unmelted until 146°. When dissolved 
in acetone it had [a], —247°1° (e=0°939). 

MunicipaL TECHNICAL INSTITUTE, 
BELFAST. [Received, August 6th, 1915.] 


CLX.—The Behaviour of Nitriles towards Organo- 
metallic Derivatives of Magnesium. 


By Eustace EBENEZER TURNER. 


Tue reactions by which nitriles pass into more fully saturated 
substances are primarily ones of addition, usually followed by 
decomposition of an unstable intermediate compound. Such 
reactions are those which are most susceptible to the effects of 
what, for the want of a better term, is called “steric hindrance.” 
4x2 
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Thé present paper records, in the first place, a confirmation of this 
fact, in that 2: 6-diethoxybenzonitrile cannot be caused, under any 
conditions, to pass into the corresponding ketone, C,H,(OEt),.*COR, 
by the action of a Grignard reagent, RMgX. The reaction 
between a Grignard reagent and benzonitrile itself is quite a 
vigorous one, but in the case of the diortho-substituted nitrile no 
reaction occurs. 

The variety of conditions has been made fairly large. To over- 
come the difficulty that lies in the sparing solubility of the nitrile 
in ether, other media, such as dimethylaniline, tsoamyl ether, and 
a mixture of benzene and ether, have been used. These solvents 
also have the advantage of permitting the mixture to be heated 
to a considerably higher temperature. Again, various Grignard 
reagents have been tried (methyl, ethyl, phenyl, benzyl), but with- 
out result. We have here, therefore, a further confirmation of the 
V. Meyer law. 

The second point arose as a result of the study of the best con- 
ditions by which to obtain ptolyl benzyl ketone. 

When magnesium p-tolyl iodide was treated with phenylaceto- 
nitrile in the way recommended by Blaise (Compt. rend., 1901, 
132, 38, etc.), or in dimethylaniline solution, almost no ptoly! 
benzyl ketone was produced, the yield at the most amounting to 
10 per cent. of the theoretical. The difficulty of converting phenyl- 
acetonitrile into the corresponding ketones was mentioned by 
Blaise (loc. cit.), and the present author would suggest that the 
fact is not unconnected with the strongly acidic character of the 
methylene group in phenylacetonitrile, the nitrile properties being 
correspondingly weakened. 

By using magnesium benzyl chloride and ptoluonitrile in 
ethereal solution, however, good yields of ptolyl benzyl ketone can 
be obtained. 

When a xylene solution of ptoluonitrile was allowed to react 
with the ethereal Grignard reagent, the reaction took an unexpected 
course; the amount of dibenzyl formed was greater than before, 
and a new substance, melting at 90°, almost replaced the p-tolyl 
benzyl ketone, whilst other compounds appeared in too small 
amounts for examination or identification. 

The substance which formed the chief product of the reaction 
was found to possess the composition and molecular weight repre- 
sented by the formula C,.H,,O. A preliminary investigation into 
its properties threw no light on its constitution. It seemed to be 
quite indifferent towards hydroxylamine, phenylhydrazine, or semi- 
carbazide, and also towards bromine in chloroform solution. These 
facts appeared to point to the absence of a carbonyl group and of 
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an unsaturated bond, whereas the only possible formule for the 
substance seemed to be 
C,H,Me-CO-CHPh-CH,Ph or C,H,Me-C(:CHPh)-O-CH,Ph. 
(I.) (IT ) 
By the action of benzyl chloride on the sodium derivative of ptolyl 
benzyl ketone, however, a compound, which should possess the 
structure I, was obtained, and this proved to be identical with the 
product of the nitrile reaction : 
CyH,Me-CO-CHNa-C,H; or C,H,Me-CO-CHPh-CH,Ph. 
The substance was thus p-tolyl a8-diphenylethyl ketone. The 
inertness of the carbonyl group in this compound is uot altogether 
surprising when one considers the accumulation of phenyl groups 
in its vicinity. 

Finally, a curious reaction of semicarbazide hydrochloride may 
be noted. In an attempt to prepare the semicarbazone of p-tolyl 
benzyl ketone, the latter was heated in a sealed tube in alcoholic 
solution with semicarbazide hydrochloride for three hours at 180°. 
When the tube had cooled, the mixture was found to consist of a 
mass of long, bright yellow needles, the melting point of which 
(181°) was unaltered by recrystallisation. This compound, which 
is very sparingly soluble in all the usual solvents, gives analytical 
figures which agree best with the formula C,).H.,N,. Molecular- 
weight determinations in benzene and naphthalene gave a value 
between 400 and 450, although the sparing solubility prevented a 
very accurate determination being made. The compound is com- 
paratively stable, and on boiling with concentrated hydrochloric 
acid reverts to the original ketone, but very slowly. The same 
result can be effected much more readily by dissolving in concen- 
trated sulphuric acid and adding water after solution is complete. 
A white solid is deposited, which is identical with ptolyl benzyl 
ketone. 

EXPERIMENTAL. 


Preparation of 2: 6-Diethoxybenzonitrile. 


This was effected in the method indicated by Lobry de Bruyn 
(Rec. trav. chim., 1883, 2, 210), but with the following difference. 
The black precipitate obtained by adding potassium cyanide solu- 
tion to an alcoholic solution of m-dinitrobenzene was dried in the 
air and extracted with ether in a Soxhlet apparatus. This method 
gives a much better yield and a purer product than de Bruyn’s 
method of boiling with concentrated nitric acid until decolorisa- 
tion is complete. 

The nitrile obtained was identical with that prepared by 
de Bruyn. (Found, N=7°6. Cale., N=7°3 per cent.) 
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Action of Grignard Reagents on the Nitrile. 


The action of magnesium, methyl, ethyl, phenyl, and benzyl 
haloids in ether, itsoamyl ether (one experiment in a sealed tube), 
or dimethylaniline solution was tried, and the nitrile in benzene 
solution was added to the Grignard reagent in ether, but in all 
cases the unchanged nitrile was recovered. 


Preparation of p-Tolyl Benzyl Ketone. 


6°5 Grams of p-toluonitrile in 50 c.c. of ether were added gradu- 
ally to a well-cooled solution consisting of 50 c.c. of ether in which 
1°9 grams of magnesium and 18 grams of benzyl chloride had been 
dissolved. The mixture was heated under reflux for four hours 
on the water-bath, and left at the temperature of the laboratory 
for a further two hours. The product was then decomposed with 
ice and dilute sulphuric acid, and filtered. The white solid so 
obtained was the desired ketone, the major portion of which, how- 
ever, remained in the ethereal solution. One or two extractions 
with ether, and subsequent drying and removal of the solvent, gave 
the remainder of the ketone, which, after crystallisation from 
alcohol, melted at 110°. (Found, C=853; H=6°87. Calc., 
C=85°'7; H=6°67 per cent.) Mann (Ber., 1881, 14, 1645), who 
originally prepared the ketone, gives 107°5°, and Strassmann (Ber., 
1889, 22, 1229) gives 109°; similarly, the oxime was obtained, 
melting at 124°, whereas Strassmann gives 131°. 

p-Tolyl benzyl ketone, although reacting with hydroxylamine, is 
not attacked by phenylhydrazine. Neither by heating in the usual 
way with phenylhydrazine hydrochloride ani the calculated 
amount of sodium acetate in aqueous-alcoholic solution, nor by 
heating with the free base, could a hydrazone be obtained. By 
leaving in the cold with phenylhydrazine in glacial acetic acid, 
crystals separated, which were simply acetylphenylhydrazine 
(m. p. 127°). (Found, N=18°5. Cale., N=18°6 per cent.) Semi- 
carbazide was also without action. Aqueous-alcoholic solutions 
were used, and even in closed vessels at the temperature of a 
boiling-water bath for several hours the ketone was not affected, 
the product obtained from the reaction mixture effecting no de- 
pression in the melting point of the pure ketone. 


Action of Semicarbazide Hydrochloride on p-Tolyl Benzyl Ketone. 


Two grams of ptolyl benzyl ketone were dissolved in alcohol, and 
2 grams of semicarbazide hydrochloride in a little water added. 
The mixture was sealed up in a tube, well shaken, and heated at 
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180° for three hours. On cooling, a mass of slender, yellow needles 
was formed; this was collected and recrystallised from alcohol, 
when 0°9 gram was obtained : 

0°1271 gave 0°4015 CO, and 0°0824 H,O. C=86:1; H=7'25.* 

01854 ,, 11°3 ec. Ny (moist) at 22° and 754 mm. N=6°9. 

M.W. (by cryoscopic method in benzene) =400 (mean). 

M.W. (by cryoscopic method in naphthalene) =450 (mean). 
CupHogN. requires C= 861; H=6'9; N=6°9 per cent. M.W.=404. 

The substance crystallises in slender, bright yellow needles, melt- 
ing at 181°. It is sparingly soluble in all the usual organic 
solvents, It dissolves in cold concentrated sulphuric acid without 
change of colour, but on adding a few drops of water, the colour 
disappears, and more water precipitates a white solid, which, after 
extraction with ether, evaporation, and recrystallisation, melts at 
110° and is pure ptolyl benzyl ketone. Concentrated hydro- 
chloric acid does not dissolve the substance, but, on boiling, slowly 
converts it into the ketone. 

No ammonia is evolved when the substance is heated with 
aqueous or fused potassium hydroxide, which fact seems to indicate 
the absence of a ‘CO-NH, group. The insolubility in dilute acids 
renders improbable the presence of an amino-group, whilst from 
the fact that bromine in chloroform has no action, the substance 
is probably saturated. 

At the same time, the relation between it and the parent ketone 
must be comparatively simple, owing to the easy hydrolysis men- 
tioned above. 


Action of p-Toluonitrile on Magnesium Benzyl Chloride. 
Production of p-Tolyl aB-Diphenylethyl Ketone, 
C,H,Me:CO-CHPh:-CH,Ph. 


65 Grams of ptoluonitrile were dissolved in 50 c.c. of xylene, 
which had been previously distilled over sodium, and added to a 
solution of 1°9 grams of magnesium and 14 grams of benzyl 
chloride in 50 c.c. of dried ether. The whole was heated under 
reflux on the water-bath for six to seven hours. To the cold solu- 
tion ice-water, and then dilute sulphuric acid, were added. No 
heat was evolved, but an oily, yellow solid separated, apparently 
insoluble in both layers. The ether-xylene and aqueous layers 
were separated, and the aqueous layer, after one extraction with 
xylene, was discarded. The oily substance was dissolved in hot 
alcohol, and the solution allowed to cool, when colourless needles 
separated, which were recrystallised from alcohol: 


* Other analyses gave C=85'4, H=7-0, and C=85'8, H=6'86 
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0°2013 gave 0°6474 CO, and 0°1221 H,O. C=87°'7; H=6°79.* 
M.W. found (by cryoscopic methed in benzene) = 295, 303. 
C..H,O requires C=88'°0; H=6°67 per cent. M.W.=300. 

The substance (shown below to be the benzyl derivative of the 
ketone) melts at 90°. It is soluble in all the usual organic solvents, 
but insoluble in water, in acids, or in alkalis. Its aqueous 
suspension does not decolorise bromine water, nor is it affected by 
permanganate in either alkaline or acid solution. Hydroxylamine 
hydrochloride is without action at 150° in a sealed tube (whether 
in presence or in absence of alkali or acetate to neutralise the 
acid). Similarly, phenylhydrazine and semicarbazide are without 
action even in a sealed tube at 170°. In order to attempt to 
eliminate the benzyl group, the substance was heated with fuming 
hydrochloric acid in a sealed tube at 160° for six hours, but the 
whole of the substance (m. p. 90°) was recovered unchanged. 

By the slow evaporation of the mother liquors from the solution 
of the oily substance, several small quantities of solid were 
obtained. One melted at about 230°, and another was a mag- 
nesium salt of some description. 

The ether-xylene solution was distilled until all the ether and 
xylene had passed over, and the residue was then fractionated 
under diminished pressure. s-Diphenylethane distilled below 
200°/11 mm., a little ptolyl benzyl ketone at 200—210°/11 mm., 
and a residue remained, which set to a viscid mass after a day or 
two, and has not been further examined. 


Synthesis of p-Tolyl aB-Diphenylethyl Ketone. 

0°23 Gram of sodium was dissolved in 10 c.c. of absolute alcohol, 
and to the warm solution 2°1 grams of ptolyl benzyl ketone were 
added, the mixture being heated under reflux for several minutes. 
1°27 Grams of benzyl chloride were then added, and the whole 
was heated under reflux until of neutral reaction (about one hour). 
On cooling, colourless needles separated, which were recrystallised 
from alcohol : 

0°1665 gave 0°5337 CO, and 0°1018 H,O. C=87'4; H=6°84. 

C.2H» 0 requires C=88°0; H=6°67 per cent. 

The substance obtained melted at 90°, and produced no de- 
pression of the melting point of the above-mentioned compound of 
the same melting point. The latter is therefore ptoly! 
aB-diphenylethyl ketone. 


GoupsmItTHs’ COLLEGE, 
UNIVERsITY oF LONDON. [ Received, July 27th, 1915.] 


* Other analyses gave C=87°5, H= 6°68, and C=87°8, H=6°75. 
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CLXI.—The Volatile Oil of Cymbopogon sennaarensis, 
Chiov. 


By Oswatp Dicsy RoBeErTs. 


Tus grass, which is known in the British Sudan as “ Mahareb ” 
grass, was described by the Italian botanist Chiovenda (“ Intorno 
ad aleune gram. da essenze ed a quelle della Colonia Eritrea,” 
Inst. Col. Ital. Rome, 1909, 16). 

The material examined was received at the Imperial Institute 
from the Director of Commercial Intelligence in the British Sudan 
in 1909. 

The grass was strongly aromatic, having an odour somewhat 
resembling that of pennyroyal herb, but more fragrant. The 
volatile oil from the grass does not appear to have been examined 
previously. 

On distillation in a current of steam, the grass yielded 1°0 per 
cent. of a pale yellow oil possessing a pleasant odour somewhat 
resembling that of pennyroyal oil, and having the following 
characters: Dj} 0°9383, af + 34°14’; saponification value, 14; ester 
value after acetylation, 60°2. 

In 1912 a large supply of the grass was received from the Sudan. 
This yielded 1°2 per cent. of oil, having the following constants: 
Dis 0°9422, af + 29°38’; acid value, 4°2; ester value before acety]l- 
ation, 14°5; ester value after acetylation, 62°1. 

The oil was submitted to systematic investigation, and gave the 


following results. 


Free Acids: Indication of the Presence of Octoie and Decoic Acids. 


The free acids in the oil were extracted with a dilute solution 
of sodium carbonate, from which they were recovered by acidifi- 
cation and distillation in a current of steam. From the distillate 
a small quantity of an acid liquid separated possessing an un- 
pleasant odour resembling that of n-octoic acid. This was con- 
verted into the silver salt, of which 0°0840 gram gave 0°0349 Ag; 
Ag=41'5 per cent. This acid liquid was therefore probably a 
mixture of octoic and decoic acids, the silver salts of which con- 
tain, respectively, Ag=43°0 and Ag=39 per cent. The distillate 
contained also a small quantity of a readily soluble acid, which 
from its odour »uraer>d +- he mainly acetic acid. 


4 x* 


1466 ROBERTS: THE VOLATILE OIL OF 


Ketones; Identification of \'-Menthenone. 


On treatment with a solution of either sodium sulphite or sodium 
hydrogen sulphite, an absorption amounting to 45 per cent. by 
volume on the original oil was obtained. With the latter reagent 
the reaction proceeded very slowly. In one experiment, in which 
10 c.c. of the oil was used, the treatment had to be continued for 
a week, with frequent agitation and heating on the water-bath, 
before the absorption was completed. The ketone (Found, 
C=788; H=10°6. C,H,O requires C=78°9; H=10°5 per cent.) 
regenerated from the sulphite compound by means of a dilute solu- 
tion of sodium hydroxide, and purified by distillation, gave the 
following constants, to which are added for comparison those re- 


corded for Al-menthenone: 
4!-Menthenone 4'-Menthenone. 


(synthetic, from 
4'-Menthenone from Wallach Japanese peppermint, 
C. sennaarensis. and Meister.)* Schimmel & Co.f 
BD  csccececvesence 0°9387 at 15° 0°9375 at 19° 09382 at 15° 
ie wiesdbeabianne’ +-1°44’ at 22° inactive + 1°30’ 
Boiling point... 235—237° 235—237° 235—237° 
* Annalen, 1908, 362, 272. + Schimmel’s Rep., 1910, Oct., 97. 


Al-Menthenone was first obtained synthetically by Wallach and 
Meister, who prepared it from 1: 3: 4-trihydroxyterpane (Joc. cit.). 
The properties of this ketone were subsequently more fully investi- 
gated by Schimmel and Co. (loc. cit.), who isolated it from oil of 
Japanese peppermint, and this appears to be the first record of its 
occurrence in nature. 

The melting points of the a- and B-semicarbazones, the oxime 
and the oxamino-oxime, of the menthenone now found agreed 
closely with those previously recorded by Schimmel and Co. (loc. 
cit.). However, contrary to the experience of these investigators, 
who state that the reaction-mixture must be set aside for several 
days in order to obtain a satisfactory yield, an almost theoretical 
yield of the semicarbazones was procured after keeping for four 
hours. 

Preparation of the Bis-nitroso-derivative. 


This compound, which has not been prepared before, is readily 
obtained by Baeyer and Henrich’s method (Ber., 1895, 28, 654). 
After being kept for a few hours at a low temperature, the bis- 
nitroso-derivative separated in small, hard, white crystals, which, 
after washing with ether and drying, melted and decomposed at 
96—97°. The compound is insoluble in light petroleum, sparingly 
soluble in ether, and readily soluble in alcohol or chloroform: 
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01469 gave 0°3557 CO, and 0°1118 H,O. C=66-0; H=8-4. 
C,,H,,0,N, requires C=66'2; H=8:2 per cent. 


Products of the Oxidation of &'-Menthenone with Potassium 
Permanganate. 


The decomposition of A!-menthenone by means of alkaline per- 
manganate has been studied already by Schimmel and Co. (loc. 
cit.), who thus obtained a-isopropylglutaric acid, y-acetyl-a-iso- 
propylbutyric acid, and a-hydroxy-a-methyl-a’-isopropyladipic acid. 
By the employment of neutral permanganate, however, the author 
succeeded in isolating, besides the last-mentioned acid, two addi- 
tional products, namely, diosphenol and an undetermined acid, 
melting at 126—127°. 

The oxidation was conducted at the ordinary temperature, 
employing 10 grams of the ketone and 20 grams of potassium per- 
manganate in the form of a 2 per cent. neutral solution. On sub- 
mitting the product to distillation with steam, a small quantity 
of needle-shaped crystals collected in the distillate. This substance 
possessed a faint mint-like odour, and separated from solution in 
dilute alcohol in long, slender needles, which meited at 82°. It 
was insoluble in water, dilute acids, or dilute sodium carbonate 
solution, but dissolved readily in a cold dilute solution of sodium 
hydroxide, from which it was reprecipitated on the addition of 
mineral acids. It produced a green coloration with a solution of 
ferric chloride, and _ readily reduced’ Fehling’s _ solution. 
These properties are characteristic of diosphenol; but as 
less than 0°1 gram of the pure material was available, con- 
firmation by the preparation of a typical derivative was impractic- 
able. The additional acid, which melted at 126—127°, was 
obtained as the result of fractional distillation under diminished 
pressure of the non-volatile acids present in the distillation residue. 
It crystallised in needles from ether or benzene, and was insoluble 
in light petroleum. A sufficient quantity of the acid was not avail- 
able for further investigation. 


Reduction of A-Menthenone to Menthol. 


A portion of the ketone was reduced by means of sodium and 
alcohol. The product was diluted with water, and the oil which 
separated freed from the pinacone by distillation in steam. The 
distilled oil possessed the strong, peppermint-like odour character- 
istic of menthol, which was identified by the preparation of the 
phenyl urethane, melting at 111—112°. 


4 x* 2 
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Phenols. 


After the removal of the free acids and the ketone, the phenols 
in the oil were extracted with 5 per cent. solution of sodium 
hydroxide. The alkaline solution was washed with ether, and the 
phenols, liberated by the addition of dilute sulphuric acid, absorbed 
in ether. The phenolic extract having been washed with a dilute 
solution of sodium carbonate, dried over anhydrous sodium 
sulphate, and the solvent removed, a phenolic residue was obtained, 
which amounted to 0°2 per cent. of the original oil. By the aid 
of the Schotten-Baumann process, a benzoyl derivative was 
obtained, which, after two recrystallisations from dilute alcohol, 
separated in small, slender needles, which melted at-70—72°. The 
amount of material available was, however, too small to admit of 
further investigation. 


Acids Resulting from the Hydrolysis of the Oil. Indication of the 
Presence of Octoic, Decoic, and Palmitic Acids. 


In order to investigate the nature of the combined acids present 
in the oil, the latter, after having been previously extracted with 
sodium sulphite and sodium hydroxide, was boiled with alcoholic 
potassium hydroxide. On the removal of the greater portion of 
the alcohol, a large excess of water was added, and the whole 
extracted repeatedly with ether. The aqueous extract was heated 
on the water-bath to expel dissolved ether, and the acids were 
liberated from the cooled solution by the addition of dilute sulph- 
uric acid. On subjecting the solution to distillation in a current 
of steam, there separated in the distillate a small quantity of 
volatile liquid acids, which, judging from their odour and the 
results of analysis of the silver salt, consisted probably of a mix- 
ture of octoic and decoic acids: 

0°0708 gave 0°0298 Ag. Ag=42°0. 

C,H,,0,Ag requires Ag=43-0 per cent. 
Cio H90,Ag »  Ag=390 , ,, 

The distillation residue contained a non-volatile acid, which 
became semi-solid on cooling. It was purified by three crystallisa- 
tions from dilute alcohol, from which it finally separated in small, 
crystalline scales, which melted at 61—62°. It was probably 
palmitic acid (m. p. 62°6°), but there was not sufficient material 
for its definite identification. 


Fractional Distillation of the Residual Oil. 


The oil remaining from the foregoing treatment, by which the 
Al-menthenone, phenols, and free and combined acids had been 
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removed, possessed the following constants: Dj; 0°9422, aj in a 
100-mm. tube + 21°21’, and provided the following fractions on 


distillation : 
Per cent. Temperature of 
(calculated distillation 
on the (under 87 a” in a 
original oil). mm. pressure). Di. 100 mm. tube. 
Biccpeunsnpeeses 13 110—150° 0°8908 +59°15’ 
, an ll 150—195° 0°9388 +13°0’ 
, Sennen 28 195—205° 0°9556 +11°35’ 
Residue...... 3 — — pa 


Terpenes: Identification of d-Limonene. 


Fraction 1 consisted principally of terpenes, and, after repeated 
distillation over sodium under diminished pressure, had D}30°8672, 
a2 70°30’, and b. p. 153—183° under atmospheric pressure. On 
fractional distillation, the portion boiling at 153—163°, having 
Di 0°865 and a} + 65°15’, was examined for pinene by endeavour- 
ing to form the nitrosochloride. Although the characteristic, 
intense bluish-green coloration was obtained, no separation of this 
compound took place, owing probably to the presence of strongly 
optically active pinene. The fraction boiling at 170—178° had 
Di30°853, a? + 79°20’, and combined with four atoms of bromine, 
. with the production of d-limonene tetrabromide, which melted at 
103—104°. 


Isolation of an Alcohol with a Rose-like Odour. 


Fraction 2 possessed a faint, geraniol-like odour, and was shown 
by its behaviour towards acetic anhydride to be alcoholic in 
character. On heating a portion of the fraction with phthalic 
anhydride in benzene solution, a small quantity of a liquid acid 
phthalic ester was obtained, which, after saponification, gave rise 
to an alcohol of pleasant, rose-like odour. Oxidation with Bech- 
mann’s chromic acid mixture converted it, apparently, into a 
ketone; for the product, which possessed an odour somewhat re- 
sembling that of tanacetone, neither responded to Schiff’s rosani- 
line test for aldehydes nor combined readily with sodium hydrogen 
sulphite. This fraction appeared to contain an appreciable amount 
of the constituents of both fractions 1 and 3. 


Isolation of a Sesquiterpene Alcohol, C,,Ho,0. 


Fraction 3 consisted principally of sesquiterpene alcohols, with 
probably a small proportion of sesquiterpenes. On redistillation, 
it was found that almost the entire fraction was composed of a 
sesquiterpene alcohol, which boiled at 170—175°/21 mm. or 


1470 THE VOLATILE OIL OF CYMBOPOGON SENNAARENSIS, CHIOV. 


280—285° (atmospheric pressure). It was a colourless, viscid 
liquid with a faint resinous odour, and had Djj 0°9544 and 
ap + 10°48’: 

0°2020 gave 0°5999 CO, and 0°2109 H,O. C=810; H=11'6. 

071356 ,, 04051 CO, ,, 01440 H,O. C=81'4; H=11'. 

C,;H»g0 requires C=81'1; H=11°7 per cent. 

Attempts to solidify the alcohol by cooling it to a low tempera- 
ture were unsuccessful. When heated for one hour with acetic 
anhydride and sodium acetate, about 55 per cent. of the alcohol 
was converted into the acetate. This result seems to indicate that 
the alcohol is not capable of quantitative acetylation. 


Dehydration of the Sesquiterpene Alcohol. 


After repeated distillation under diminished pressure over phos- 
phoric oxide, and finally over sodium, the alcohol was converted 
into a sesquiterpene, which possessed the following constants: 
boiling point 150—155°/27 mm., Dj} 0°9114, a} + 24°24’: 

0°2034 gave 0°6556 CO, and 0°2134 H,O. C=87'9; H=11°6. 

C,;H, requires C=88°2; H=11°7 per cent. 
The sesquiterpene was a colourless, mobile liquid with no 


appreciable odour. It combined readily with hydrochloric acid, 
forming an unstable liquid hydrochloride. 


Summary. 


The results of this investigation of the volatile oil of Cymbo- 
pogon sennaarensis have shown that its composition is approxi- 


mately as follows: 
Per cent. 


Terpenes, including d-limonene and probably pinene ... 13°0 
Ketones, chiefly or entirely Al-menthenone _... .. 45°0 
Alcohols : 
Sesquiterpene alcohol, C,;H,,O ... a i) ... 25°0 
Undetermined alcohol with rose-like odour... wo 6 
Phenols, undetermined (yielded a benzoyl derivative, 
m. p. 70—72°) .. _ 0°2 
Acids, probably acetic, octoic, and decoic, both in the 
free state and as esters, with palmitic acid as an 
ester oe ‘ sve - 20 
Residue, probably conteining ccnquiterpenes és oo. 31S 
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CLXII.—Contributions to the Theory of Solutions. 
The Influence of Change of Volume on Specific 
Refraction in Mixtures of Liquids. 


By Joun Homes. 


In a recent paper (T., 1913, 103, 2165), attention was drawn to 
the fact that the observed deviations from additive relations in 
the refractive indices of mixtures of ethyl alcohol and water follow 
closely the corresponding changes in volume. The similarity of 
the two curves of change is such that the relation between change 
in volume and change in refraction is constant approximately at 
all concentrations of these liquids, a difference of 0°0001 in re- 
fractive index—-which may be taken as the limit of accuracy in 
such determinations—being equivalent to from 0°028 to 0°030 per 
cent. in change of volume. It seemed desirable to ascertain the 
behaviour of other liquids in similar circumstances. 

The data given below for mixtures of methyl alcohol and water 
were determined, and those for aqueous mixtures of #-propyl 
alcohol are calculated directly from Vrevsky’s experimental values 
(J. Russ. Phys. Chem. Soc., 1910, 42, 23). 


Methyl Alcohol and Water. 


np” CH,O=1°33057 ; un} H,O=1°33336. 
D¥° CH,O=0°7956; D?* H,O =0'99904. 
Equiva- 
Per- lent of a 
centage differ- 
ence of 
Volumes Refractive indices. NM 0-0001 
- a ~ - _ ~ in terms 
methyl before after Differ- Theo- Differ- of change 
alcohol mixing. mixing. ence. retical. Observed. ence. of volume. 
87-67 98-29 . 1-33085 1-33663 0-00578 0-030 
78-05 97-38 . 1-33108 1-34002 0-00894 0-029 
70-33 96-87 . 1-33127 1-34184 0-01057 0-030 
64-00 96-56 . 1-33143 1-34294 0-01151 0-030 
54-24 96-39 1-33169 1-34369 0-01200 0-030 
47-06 96-50. 133189 1-34358 0-01169 0-030 
37-21 96-85 1-33217 1-34279 0-01062 0-030 
30°77 97-23 1-33236 1-34184 0-00948 0-029 
26-23 97-60 1-33250 1-34090 0-00840 0-029 
22-86 97-91 1-33260 1-33987 0:00727 0-029 
20-25 98-16 1-33269 1-33888 0-00619 0-030 
18-18 98-36 1-33275 1-33820 0-00545 0-030 
15-10 98-65 1-33285 1:33728 0-00443 0-030 


one tas bos 09 2D UD OS G9 GO 
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n-Propyl Alcohol and Water. 


n> C,;H,O =1°38499; nz H,O = 1°33296. 
D? C;H,O0 =0°8041 ; D? H,O =0-99823. 
Equiva- 
lent of a 
differ - 
ence of 
Volumes Refractive indices. ny, 0-0001 
a A ~, i A ~ in terms 
n-propyl before after Differ- Theo- Differ- of change 
alcohol mixing. mixing. ence. retical. Observed. ence. of volume 
93-34 99-27 . 1-38216 1-38451 0-00235 0-031 
86-41 98-85 : 1-37914 1-38299 0-00385 0-030 
78-41 98-51 . 1-37554 1-38053 0-00499 0-030 
71-20 98-30 . 1-37220 1-37798 0-00578 0-029 
61-62 98-12 . 1-36761 1-37415 0-00654 0-029 
57-73 98-06 : 1-36569 1-37243 0-00674 0-029 
50-46 97-98 . 1-36202 1-36899 0-00697 0-029 
42-99 97-96 : 1-35812 1-36526 0-00714 0-029 
34-71 97-93 . 1-35365 1-36072 0-00707 0-029 


As in the case of ethyl alcohol and water, mixtures of methyl 
alcohol with water give refractive indices which are far removed 
from mean values, and a mixture containing 52 per cent. by weight 
or 59°8 per cent. by volume of methyl alcohol at 15°5° has a re- 


fractive index greater than that of either constituent, namely, 
np 1°34369, and this is a maximum for these liquids. 

It will be noticed that in aqueous mixtures of the lower primary 
alcohols where contraction in volume occurs, the observed refractive 
indices are greater than those calculated from the initial volumes 
of the several constituents, and the differences in refraction in each 
case follow closely the changes in volume. The mean equivalent 
of a difference of 0°0001 in refractive index, in terms of volume 
change in the three series, is 0°029. 

In contradistinction from the behaviour of liquids affording con- 
traction in volume, when expansion takes place there is found a 
decrease in refractive index from the theoretical. The figures 
following are calculated from Hubbard’s data for densities and 
refractive indices of various mixtures of liquids (Zeitsch. physikal. 
Chem., 1910, 74, 207). 

In these mixtures, relatively large increases in volume occur, 
with corresponding decreases in the index of refraction, and it is 
seen how interdependent are the phenomena of change in volume 
and change in refraction. The equivalent of a difference of 0°0001 
in: refractive index in terms of volume change is fairly constant 
in each series, the mean value being 0°014, or one-half of that 
obtaining in the alcohol mixtures when contraction occurs. 
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Ethyl Iodide and Ethyl Acetate. 


Per- 
centage 


Volumes Refractive indices. 
before after Differ- Theo- Differ- 
- mixing. mixing. . retical. Observed. ence. 
100-31 ° 1-49562 1-49318 0-00244 
100-54 ° 1-48077 1-47646 0-00431 
100-71 ° 1-46672 1-46121 0-00551 
100-81 - 1-45070 1-44447 0-00623 
100-88 . 1-44043 1-43402 0-00641 
100-85 . 1-42716 1-42090 0-00626 
100-78 . 1-41387 1-40822 0-00565 
100-58 . 1-39806 1-39392 0-00414 


Benzene and Acetic Acid. 
ny CgHg=1°49794; n> C,H,O,=1°36976. 


Per- 
centage 
Volumes Refractive indices. 
ohn A 


y 

weight va ~ cr ~ 

of before after Differ- Theo- Differ- 

benzene mixing. mixing. . retical. Observed. ence. 
88-37 100-43 . 1-48522 1-48218 0-00304 
76-39 100-79 . 1-47160 1-46628 0-00532 
65-99 101-00 : 1-45932 1-45265 0-00667 
55-14 101-14 : 1-44602 1-43861 0-00741 
45-54 101-20 . 1-43383 1-42618 0-00765 
36-03 101-14 . 1-42132 1-41418 0-00714 
26-18 101-00 . 1-40791 1-40172 0-00619 
17-68 100-77 . 1-39593 1-39119 0-00474 


Carbon Disulphide and Acetone. 
n> CS,=1°62357 ; n} C,H,O =1°35645. 
D? CS, =1'25595 ; D? C,H,O =0°78799. 


Per- 
centage 
by 
—_— Volumes Refractive indices. 
8) co ni ™ os tn ~ 
carbon di- before after Differ- Theo- Differ- 
sulphide. mixing. mixing. ence.  retical.’Observed. ence. 
86-89 00 100-85 0-85 1-57180 1-56465 0-00715 
83-28 101-01 1-01 1-55883 1-55043 0-00840 
71-14 101-37 1-37 1-51867 1-50692 0-01175 
64-73 101-45 1-45 — — — 
51-78 101-49 1-49 1-46398 1-45253 0-01145 
40-33 101-36 1-36 1-43599 1-42567 0-01032 
29-33 101-13 1-13 1-41163 1-40364 0-00799 


Equiva- 
lent of a 
differ- 
ence of 
nN, 09-0001 
in terms 
of change 
of volume. 
0-013 
0-013 
0-013 
0-013 
0-014 
0-014 
0-014 
0-014 


Equiva- 
lent of a 
differ- 
ence of 
nN, 0-0001 
in terms 
of change 
of volume, 
0-014 
0-015 
0-015 
0-015 
0-016 
0-016 
0-016 
0-016 


Equiva- 
lent of a 
differ- 
ence of 
nN, 0-0001 
in terms 
of change 
of volume. 
0-012 
0-012 
0-012 


0-013 
0-013 
0-014 
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Change in volume, therefore, if not directly proportional, is 
within a near approximation proportional to change in refractive 
index, and although the former value may be capable of deter- 
mination with greater accuracy than the latter, any deductions 
proceeding from the curves of volume change should apply equally 
to the refraction curves. 

In previous communications, the relative complexities of liquids 
have been deduced from the concentration of a binary mixture 
which gives the maximum difference between the initial and final 
proportions by volume of the constituent possessing the greater 
molecular volume, regard being had to close packing, and conse- 
quent displacement of this point from equimolecular proportions, 
as the ratio of the radii of the molecular spheres increases from 
unity to 1618. These differences in the case of mixtures of methyl 
alcohol with water are given below, together with the correspond- 
ing values for specific refractions. 


Methyl Alcohol and Water. 
Equimolecular volumes at 15°5° (gaseous). 100CH,O: 44°80H,0. 
I Il. Ill. IV. 


: Change in volume 
from the theoretical 


when the 
proportion of 

methyl Percentage by Percentage refraction 
alcohol volume of methyl due to methyl 
ineach_ alcohol in the alcohol in the 

mixture mixtureat15-5°. Differ- mixture at 15-5°. Differ- 

isconstant —--— ence. ‘ —_, ence. 
Molecular at 100 Theo- Ob- Avol. Theo- Ob- Arefr 


mixture. volumes. retical. served. CH,O. retical. served. CH,O. 
4CH,0,H,O -—1-:90 89-93 91-49 1:56 89-91 89-52 0-39 
2CH,0,H,O 3-21 81-70 83-90 2-20 81-67 81-13 0-54 
CH,0,H,0 498 69:06 71-53 2-47 69:02 68-43 0-59 
CH,0,14H,O 6-03 59-81 62-06 2-25 59-76 59-23 0-53 
CH,0,2H,O 664 52-75 54-65 1:90 52-69 52-23 0-45 
CH,0,4H,O 7-73 35:82 36-84 102 35-77 35-52 0-25 


In the other mixtures, the values for volume and refraction 
change at definite molecular proportions have been interpolated 
from the experimental figures by means of spline curves. Columns 
I, II, III, and IV have the same significance as in the case of the 
methyl alcohol_water mixtures ; column II in each series represents 
the change in volume, when the volume of the first-named con- 
stituent is constant at 100. The terms + and — refer to ex- 
pansion and contraction by volume respectively. 
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n-Propyl Alcohol and Water. 
Equimolecular volumes at 20° (gaseous). 100C,;H,O: 24°16H,0. 


iL IL. III. IV. 
Molecular mixture. Change in volume. Ay i, C;H,O. Aretr. C;H,O. 
4C,H,0,H,O — 0-80 0-72 0-16 
2C,H,0,H,O 1-27 1-02 0-25 
C,H,0,H,O 1-90 1-25 0-30 
C,H,0,13H,O 2-38 1-31 0-33 
C,H,0,2H,O 2-76 1-28 0-32 
C;H,0,4H,O 4-00 1-06 0-27 


Ethyl Iodide and Ethyl Acetate. 
Equimolecular volumes at 25° (gaseous). 100C,H;I: 121°42C,H,0O.,,. 


I. II. Ill. IV. 
Molecular mixture. Change in volume. Ayo. C.H;I. Aretr. C,H; I. 
4(C,H,1),,C,H,O,  -+0-43 0-32 0-18 
2(C,H,1),,C,H,O, 0-77 0-45 0-25 
(C,H,I),,C,H,O- 1-26 0-48 0-27 
(C,H ate DACs H,O, 1-66 0-45 0-24 
(C, H,1),,2 C,H,0, 1-92 0-39 0-21 
(C,H; °1),,4C,H 302 2-54 0-21 0-12 


Benzene and Acetic Acid. 
Equimolecular volumes at 25° (gaseous). 100C,H,: 64°38C,H,0,. 


I. II. III. IV. 
Molecular mixture. Change in volume. 4voi. CoH. Anetr. CgHg. 
$(CoHe ao oH sO: “> 0- 36 0-31 0- 14 
2(C,H,).,C C oa O° 0-66 0-49 0-23 
(C,H). 1-17 0-66 0-31 
( CHS” 1 UGHo, 1-55 0-70 0-33 
(C,H,).,2C,H,O, 1-86 0-68 0-32 
(C,H, ).,4C,H, O, 2-69 0-51 0-24 


Carbon Disulphide and Acetone. 
Equimolecular volumes at 25° (gaseous). 100CS,: 121°51C,H,O. 


I. II. III. IV. 
Molecular mixture. Change in volume. = Ayo, CS,. Snetr. CS,. 

2(CS,),,C,;H,O +0-70 0-52 0-30 
(CS,),,C;H,O 1-27 0-74 0-42 
(CS,),,14C,H,O 1-77 0-83 0-50 
(CS,),,2C,H,O 2-15 0-82 0-50 
(CS,),,3C,;H,O 2-74 0-74 0-45 
(CS,),,4C,;H,O 3-24 0-65 0-40 


According to the method adopted for determining molecular 
complexity in the liquid state, the results indicate in respect 
of both volume and refraction changes that the relative com- 
plexities of the several liquids are the same as deduced already 
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(1) from their respective solubilities, and (2) when mixed with 
other liquids (loc. cit.); or if CH,O, C,H,O,, and C,;H,O be taken 
as representing the molecular formule of methyl alcohol, acetic 
acid, and acetone in the liquid state, those of ethyl iodide, benzene, 
and carbon disulphide must be (C,H;I),, (CgH,)2, and (CS,),. 
These results support, therefore, the theory of miscibility put for- 
ward in these papers, one of the requirements of which is that the 
complexity of a liquid shall be independent of the nature of the 
liquid with which it is mixed. 

When the volume of a mixture of liquids is found to be greater 
than the sum of the initial volumes, heat is usually absorbed, and 
the maximum fall in temperature occurs at or near equimolecular 
proportions of the constituents—referred to the liquid state (com- 
pare mixtures of methyl iodide with the primary alcohols, T., 
1909, 95, 1941). In mixtures of ethyl iodide with ethyl acetate, 
and of benzene with acetic acid, the absorption of heat is relatively 
small, the maximum fall in temperature being 1°9° in each series. 
Carbon disulphide and acetone give a much greater absorption of 
heat. Mixtures of these. liquids were made in a silvered Dewar’s 
liquid-air flask of about 100 c.c. capacity. The initial volumes 
were within 0°1 c.c. of 50 c.c. in each mixture, and the tempera- 
tures were adjusted to that of the room (15—16°). The change in 
temperature after mixing was ascertained by a wide-scale mercury 
thermometer. The results obtained are given below. 


Molecular mixture Temperature Molecular mixture Temperature 

(gaseous). change. (gaseous). change. 
CS,,0-13C,H,O ... —4-8° CS,,0-50C,H,O ...... —7-6° 
CS,,0-2 ee 6-6 CS,,0-50C,H,0 ...... 7-6 
,0-37C,H,O ... 7-2 CS,,0-7 i ccses 7-3 
CS,,0-38C,H,O ... 7-2 CS,,0-76C,H,O ...... 7:3 
CS,,0-44C,H,O ... 7-6 | O8,,1-01C,H,0 ...... 7-0 
CS,,0-450,H,O ... 7-7 | -CS,,2-020,H,0 ...... 6-2 


It will be seen that the concentrations at which the maximum 
fall in temperature occurs agree within the limits of accuracy 
appertaining to these determinations with those affording the 
maxima for volume and refraction change (ACS,, p. 1475). 

In a criticism of this method of determining molecular weights, 
Dr. Turner concludes that the values so obtained “cannot repre- 
sent the complexities of liquids either actual or relative,” other- 
wise the dissociation theory of Arrhenius, and the deductions of 
van’t Hoff, Ramsay and Shields, and others must be incorrect (P., 
1914, 30, 29). That the theory is antagonistic to current theories 
is obvious. A theory, however, remains valid only so long as it 
accords with experiment, and it is common knowledge that the 
simple facts associated with the mixing of liquids and kindred 
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phenomena find no explanation in the ionic theory or in the hydrate 
theory of Mendeléev. On the other hand, the data available in 
connexion with change of volume, refraction, temperature, and 
solubility are consistent with the view that the liquid molecule 
retains its individuality in solution, and they agree also with the 
hypothesis on which the present theory is based. 


GOVERNMENT LABORATORY, 
LonpDon. [ Received, August 26th, 1915.] 


CLXIII.—Conversion of the Natural Flavone Colouring 
Matters into Pyranol Dyes.* 


By Epwin Roy Watson, Kumup Benart Sen, and 
VISHNU RAM MEDHI. 


In a previous investigation (Watson and Sen, T., 1914, 105, 389), 
the preparation of 3:5: 7-trihydroxy-2-mpdihydroxyphenyl-4- 
ethyl-1: 4-benzopyranol anhydrohydriodide + was effected by the 
action of magnesium ethyl iodide on quercetin pentaethyl ether, 
and de-ethylation of the product by hydriodic acid. This dye gave 
violet or crimson shades on wool, according to the mordant used. 
It was pointed out that this preparation indicated a general 
method which might be of great value for the preparation of dyes 
of deep colour by the action of metallo-organic compounds on the 
ethers of hydroxyketonic compounds. The dyeings obtained with 
the above mentioned substance were not fast, and the substance 
itself was unstable in alkaline solutions. The corresponding hydro- 
chloride was not appreciably faster. When, however, 3: 5: 7- 
triethoxy-2-mp-diethoxyphenyl-4-ethyl-1: 4-benzopyranol anhydro- 
hydriodide, the primary product by the action of magnesium ethyl 
iodide on quercetin pentaethyl ether, was only partly de-ethylated 
by heating with anhydrous aluminium chloride, there was obtained 
a dye, namely, 3:5: 7-trihydroxy-2-mpdihydroxyphenyl-4-ethyl- 
1:4-benzopyranol anhydrohydrochloride triethyl ether, of equally 
strong tinctorial power and of very considerable fastness to all 
agencies. De-ethylation to the same extent could be effected by 
heating with moderately concentrated sulphuric acid. 


* An application has been made to patent the production of the dyes 
described in this paper (Br. Pat. application No. 1253 of 1915). 

t Wrongly termed 3:5:7-trihydroxy-2-mp-dihydroxyphenyl-4-ethy]l- 
1:4-benzopyran anhydrohydriodide in the original description. The same 
error was made in the names of the other pyranol derivatives described in 
that paper. 
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The action of magnesium ethyl iodide on quercetin trimethyl 
ether at once gave a substance with dyeing properties, namely, 
the trimethyl ether of the same pyranol derivative, but its tine- 
torial power was not great, and the dyeings obtained were of terra- 
cotta shades. It is evident that different hydroxyl groups are 
ethylated and methylated, respectively, in these two compounds, 
and this causes a very remarkable difference in their dyeing 
properties. 

The complete de-ethylation of the compound formed from 
quercetin pentaethyl ether and magnesium phenyl bromide gave 
3:5: 7-trihydrozy -4- phenyl -2-mp-dihydroxyphenyl - 1: 4-benzo- 
pyranol anhydrohydriodide, but this dye proved to be the most 
fugitive of the whole series. It was not obtained pure, but its 
colour in various solvents, and its absorption spectrum, left no 
doubt as to its constitution. 

As was expected, the dye obtained in a precisely similar manner 
from magnesium o-methoxyphenyl bromide gave dyeings of con- 
siderable fastness and of deeper shades than any other member 
of the series. Analysis showed that a new ring had been formed, 
which no doubt accounted for the increased stability of the dye. 
Either formula I or II represents the constitution of this colour- 
ing matter: 


Or 
Hof \7 Nc 


COH 


AVY 
| C 


(II.) 


The preparation of a pyranol dye from morin presented some 
difficulty, but eventually 3: 5: 7-trihydroxy-2-op-dihydroxyphenyl- 
4-methyl-1 : 4-benzopyranol anhydrohydriodide was obtained. The 
great influence of the position of the hydroxyl groups in the phenyl 
nucleus on the colour of the dye is evident on comparing this 
compound with the corresponding quercetin derivative. This sub- 
stance gives only a crimson solution in potassium hydroxide solu- 
tion, whilst the corresponding quercetin derivative dissolves with 
a blue colour. 

Luteolin tetraethyl ether was readily acted on by magnesium 
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iodide, and by de-ethylating the product there was 
5: 7-dihydrory-2-mp-dihydrory phenyl-4-ethyl-1 : 4-benzo- 


pyranol anhydrohydriodide, which gave dyeings of almost the same 
shade as the corresponding quercetin derivative, but of much 


greater fastness to all agencies. 


Although this dye contains one 


less auxochrome than that from morin, yet it gives deeper shades, 
owing to the more favourable positions of the hydroxyl groups in 


the phenyl nucleus. 


The dye obtained from apigenin, namely, 5: 7-dihydrory-2-p- 
hydrowy phenyl-4-ethyl-1:4-benzopyranol anhydroiodide, gave dye- 
ings of terra-cotta shades, and dissolved in potassium hydroxide 
solution with a crimson colour. 

The following table summarises the dyeing properties of the 
series, and shows the influence of the number and position of the 


auxochromes: 


Colour 
with 
potassium 
hydroxide. 


3:5:7-Trihydroxy- 
2-mp-dihydroxy- 
phenyl-4-ethyl-1: 4- 
benzopyranol an- 
hydrohydriodide 


Ditto, triethyl ether .. 


Ditto,trimethyl ether 
3:5:7-Trihydroxy- 
2-mp-dihydroxy- 
phenyl-4-phenyl-1 :4- 
benzopyranol an- 
hydrohydriodide 
Dye obtained from 
quercetin and _  o- 
phenylbromoanisole. | 
3:5:7-Trihydroxy- | 
2-op-dihydroxy- 
phenyl-4-methyl-1 :4- 
benzopyranol an- 
hydrohydriodide 
5:7-Dihydroxy-2- 
mp-dihydroxy- 
phenyl-4-ethyl-1: 4- 
benzopyranol an- 
hydrohydriodide 
5:7-Dihydroxy-2-p- 
hydroxypheny]l-4- 
ethyl-1:4-benzo.- | 
pyranol anhydro- | 


Crimson 


Violet 


hydriodide ............ | Crimson 


Dyeing 
on 


alum. 


Violet 
Violet- 
blue 
Terra- 
cotta 


Greenish- 
blue 


Dyeing 
on 
chrome. 


Dyeing 


on 
tin. 


Violet 
Greenish- 
blue 
Terra- 
cotta 


Green 


| Maroon | 


| 
' 
| 
Mauve | 


Blue- 
black | 


Brownish- Brownish-| 


orange 


orange | 
| 


Crimson 


Violet 
Terra- 
cotta 


Dark blue 


Pink 


Maroon 


Orange | 


| 


Dyeing 
on 
iron. 


Navy-blue 
Terra- 
cotta 


Brownish- 
orange 
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The absorption spectra of this series of dyes have been examined, 
and curves are given showing the effect of concentration of the 
solutions on the breadth of the bands. All the dyes show only 
one band in the visible spectrum, whether the free base or the salt 
(hydriodide or hydrochloride) is examined. There is, however, 
some indication of another band, beginning near the ultra-violet 
end of the spectrum. The salts of the ethylated derivatives have 
very similar spectra to those of the dyes themselves when examined 
in the form of salts. This very remarkable fact is not, however, 
without parallel (compare the absorption spectra of anthraquinone 
dyes and their ethers, and of eosin and its monomethyl and 
monoethyl ethers, recorded by Kriiss, Zeitsch. physikal. Chem., 
1895, 18, 559). It is intended to make a more systematic study 
of the absorption spectra of these dyes by spectrophotometric 
methods in order to gain further insight into the way in which 
the number and position of auxochromes affect the colour of dyes. 
The absorption spectra of the compounds from quercetin penta- 
ethyl ether and magnesium phenyl bromide show that they belong 
to this series. 

This series of compounds possesses considerable interest in con- 
nexion with the colour of flowers, fruits, etc. Willstitter’s recent 
work (Willstatter and Mallison, Sitzwngsber. K. Akad. wiss. Berlin, 
1914, 769) has shown that these natural colouring matters are very 
closely related to the compounds described in this paper, and 
possess very similar properties. 


ExPERIMENTAL. 


3:5:7-Triethory-2-mp-diethozy phenyl-4-ethylbenzopyranol, 
C,;H,O(OEt) ,Et-OH. 


This compound, which is the free base corresponding with the 
anhydrohydriodide already prepared by the action of magnesium 
ethyl iodide on quercetin pentaethyl ether (Watson and Sen, Joc. 
cit.), was obtained by dissolving the anhydrohydriodide in alcohol, 
adding concentrated aqueous ammonia until nearly colourless, 
extracting with ether, washing with water, and allowing the ether 
to evaporate, when a colourless, viscous oil was obtained which did 
not crystallise : 

0°2682 gave 0°6802 CO, and 0°1975 H,O. C=69'2; H=8-2. 

C,,H3,0, requires C=68°6 ; H=7°6 per cent. 

The anhydrohydrochloride, C,,H,O(OEt);EtCl, was obtained by 
adding hydrochloric acid to an alcoholic solution of the base, which 
immediately became crimson. ; 

The platinichloride, (Cy,H3,0,Cl).PtCl,,2H,O, was prepared by 
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diluting this solution with water, adding the calculated quantity 
of platinic chloride, collecting the red precipitate, and crystal- 
lising from alcohol, when it was deposited in red, glistening, needle- 
shaped crystals, melting at 197°. For analysis the substance was 
dried in a vacuum desiccator: 
0°2392 gave 0°4219 CO,, 0°1256 H,O, 0°0390 Cl, and 0°0356 Pt. 
C=481; H=5°8; Cl=16°3; Pt=14°9. 
(C,,H;0,Cl).PtCl,,2H,O requires C=47'9; H=5°5; Cl=15'7; 
Pt=14'4 per cent. 
( 
3:5: 7-Trihydroxy-2-mp-dihydrozy phenyl-4-ethyl-1 : 4-benzopyranol 
Anhydrohydrochloride Triethyl Ether, 
C,;H,O(OEt),(OH),EtCl,H,O. 


This was prepared by heating a mixture of equal parts of finely 
powdered anhydrous aluminium chloride and 3: 5: 7-triethoxy-2- 
mp-diethoxyphenyl-4-ethyl-1: 4-benzopyranol anhydrohydriodide to 
160° for one hour. The product was powdered, and gradually 
added to dilute hydrochloric acid, when the bulk of the new 
colouring matter formed a viscid mass. This was collected, washed 
with dilute hydrochloric acid, dissolved in alcohol, precipitated 
with concentrated hydrochloric acid, and dried in a desiccator. It 
was obtained in this way as an almost black powder: 

0°1817 gave 0°4064 CO,, 0°1100 H,O, and 0°0136 Cl. C=61-0; 

H=67; Cl=7°5. 
C,3;H,0,Cl requires C=61'°0; H=6'4; Cl=7°8 per cent. 


The dye is moderately soluble in very dilute hydrochloric acid, 
less readily in more concentrated acid; the solution has a crimson 
colour. The addition of sodium acetate to the solution in dilute 
acid precipitates the violet-coloured base in an amorphous form. 
This base was used for dyeing, and gave the following shades on 
mordanted wool: 


Alum. Chrome. Tin. Tron. 

blue greenish-blue crimson navy-blue 
Full shades were obtained with 2 per cent. of dyestuff, and the 
dyeings were fast to all agents. 

On adding potassium hydroxide to a solution of the hydro- 
chloride, there is at first formed a violet precipitate. Further 
addition of alkali turns it blue, and then green, and on keeping 
it becomes brown. 

The product obtained by heating the anhydrohydriodide of the 
pentaethyl ether with 33 per cent. sulphuric acid at 140° has 
identical dyeing properties, and is almost certainly the same 
substance. .«. 
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3:5: 7-Trihydrozy-2-mp-dihydrozy phenyl-4-ethyl-1 : 4-b enzopyranol 
Anhydrohydrochloride Tetraethyl Ether, 
C,;H,;O(OEt),(OH)EtCl. 


This compound was formed in small quantity, together with the 
triethyl ether, by the action of anhydrous aluminium chloride on 
the pentaethyl ether (see above). A bright scarlet precipitate was 
at once formed on adding platinic chloride solution to the solution 
obtained by extracting the reaction mass with dilute hydrochloric 
acid. This was collected and dried on a porous tile, and, when 
crystallised from alcohol, gave a small quantity of short, scarlet 
prisms, melting and decomposing at 170—176°. Only 0°2 gram of 
this substance was obtained from 3 grams of the pentaethyl ether. 
By analysis it was seen to be the platinichloride of the tetraethy! 
ether, (C,;H,,0,Cl),PtCl,,H,O. For analysis it was dried in a 
desiccator over soda-lime : 

0°1670 gave 0°2877 CO,, 0°0824 H,O, 0°0273 Cl, and 0°0249 Pt. 

C=47°0; H=5°4; Cl=16°4; Pt=14°9. 

(C,,H,0,Cl),PtCl,,H,O requires C=46°9; H=5°0; Cl=16°6; 

Pt=15°2 per cent. 


3:5:7-T'rihydroxy-2-mp-dihydroxy phenyl-4-ethyl-1 : 4-benzopyranol 
Anhydrohydriodide Trimethyl Ether, 
C,;H;0(OMe),(OH),EtI,H,0. 


Quercetin trimethyl ether was treated with magnesium ethyl 
iodide under the same conditions as already employed in acting on 
the pentaethyl ether, except that five molecular proportions of the 
Grignard reagent were used. The product was treated with very 
dilute hydrochloric acid, and afterwards crystallised from alcohol. 
The first crop of crystals was unchanged quercetin trimethyl ether, 
but the second crop consisted of the pyranol compound, which 
crystallises in red, needleshaped crystals, melting at 163—165°. 
As already mentioned, the tinctorial power of this dyestuff is not 
great, and, in marked distinction from the triethyl ether already 
described, it dyes terra-cotta shades on all mordants: 

0°1995 gave 0°3512 CO,, 0°0847 H,O, and 0°0492 I. C=47°9; 

H=4°7; [=24°7. 
C.)H.,;0;I requires C=47'°8; H=4°6; I=25°3 per cent. 


3:5: 7-Triethory-4-pheinyl-2-mp-diethoxyphenyl-1 : 4-benzopyranol 
Anhydrohydrochloride, C,,H,0(OEt);PhCl. 

This substance was obtained by the action of magnesium pheny! 

bromide on quercetin pentaethyl ether. The product was dissolved 
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in a little hot alcohol, and two to three times the volume of con- 
centrated hydrochloric acid was added, which precipitated the sub- 
stance in viscous clots, converted by rubbing into bright red, 
needle-shaped crystals. Analysis showed that the substance was 
not free from unchanged quercetin pentaethyl ether, but its colour 
and absorption spectrum (see below) leave no doubt as to its con- 
stitution. 


3:5:7-Trihydroxy-4-phenyl-2-mp-dihydrozy phenyl-1 : 4-benzopyranol 
Anhydrohydriodide, C,,H;O(OH);PhI. 

This was obtained from the preceding compound by boiling with 
hydriodic acid (D1‘7), pouring the mixture into water, and de- 
colorising by means of sodium hydrogen sulphite, when the dye 
was obtained in very dark red, prismatic crystals. It was no 
doubt impure, on account of its method of formation, but its 
absorption spectrum (see below) and its behaviour with potassium 
hydroxide leave no doubt as to its constitution. It dissolved in 
alcohol with a crimson colour, and on adding potassium hydroxide 
the colour changed to olive-green, soon turning brown, but on 
adding water to the alcoholic solution a pure blue colour was 
obtained. It was fairly readily soluble in water, and the free base 
was deposited as an amorphous, violet-coloured precipitate on 
adding sodium acetate to this solution. It was, however, very 
unstable, and soon became dirty brown. Both the free base and 
the hydriodide gave dyeings of the same shade as obtained from 
quercetin, no doubt due to the unstability of the pyranol dye and 
the presence of some quercetin as an impurity. 


3:5:7-Triethory-4-o-methoxy phenyl-2-mp-diethozry phenyl-1 ; 4- 
benzopyranol Anhydrohydrochloride, 
C,;H,O(OEt);(C,;H,-OMe)Cl,HCI1,H,O. 

This compound was obtained by the action of magnesium 
o-methoxyphenyl bromide on quercetin pentaethyl ether. The 
crude product was converted into the free base by dissolving in 
alcohol, adding ammonia, extracting with ether, washing with 
water, and evaporating the ether. It was then dissolved in a 
little alcohol, and precipitated with excess of concentrated hydro- 
chloric acid. The hydrochloride soon became crystalline; it was 
collected, dried, and purified by redissolving in alcohol and pre- 
cipitating with much ether. It is a crimson-coloured substance: 

01952 gave 0°4418 CO,, 0°1160 H,O, and 0°0210 Cl. C=61°7; 

H=6'6; Cl=10°8. 

0°2037 gave 0°0228 Cl. Cl=11-2. 

Cy,Hs,0;Cl,HCl,H,O requires C=61°6; H=6'4; Cl=11°4 per cent. 
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The ferrichloride, Cy.H,0,Cl,HFeCl,, was deposited in the 
amorphous condition on adding alcoholic ferric chloride solution 
to the alcoholic solution of the hydrochloride. It was crystallised 
from acetic acid, and obtained in red, needle-shaped crystals, melt- 
ing at 190°: 

0°4501 gave 0°0489 Fe,O,. Fe,0O,;=10°42. 

C3.H370,Cl,H FeCl, requires Fe,0,=10°86 per cent. 

The substance, C,,H,,0,Cl, was obtained by de-ethylating the 
above-mentioned hydrochloride (0°5 gram) with 5 c.c. of concen- 
trated hydrochloric acid in a sealed tube at 150—i80°. The tube 
was opened after six hours’ heating, and again sealed and heated 
for a further six hours. The product consisted of dark red, needle- 
shaped crystals with a blue reflex. For analysis it was dried in 
a vacuum desiccator. Its behaviour with potassium hydroxide, 
and the colour of the dyeings it yields on different mordants, have 
already been recorded. The dyeings have considerable fastness 
towards all agents: 

0°2181 gave 0°5082 CO,, 0°0734 H,O, and 0°0227 Cl. C=63°5; 

H=3°7; Cl=10°4. 
0°2024 gave 0°4719 CO,, 0°0677 H,O, and 0°0181 Cl. C=63°6; 
H=37; Cl=89. 


C,,H,,0,Cl requires C=63°6; H=3°3; Cl=8°9 per cent. 
Many attempts were made to obtain an acetyl derivative, but 
without success. 


3:5:7-Trimethory-2-op-dimethozy phenyl 4-methyl\ :4-benzopyranol 
Anhydrohydriodide, C,,H;O(OMe),Mel. 


Unsuccessful attempts were made to obtain crystalline pyranol 
compounds by the action of magnesium ethyl iodide or magnesium 
methyl iodide on morin pentaethyl ether,* and no crystalline sub- 
stance was obtained from magnesium ethyl iodide and morin 
pentamethyl ether, but the interaction of the pentamethyl ether 
and magnesium methyl iodide proved successful. A very small 
quantity of ether was used in the reaction. The product separated 
from alcohol in yellow, needle-shaped crystals. 0°6 Gram was 
obtained from 1 gram of morin pentamethy] ether: 


* Morin pentaethyl ether, C,,H,0,(OEt);, was obtained by Perkin’s method 
of exhaustive ethylation (A. G. Perkin, P., 1912, 28, 328) and purified by 
erystallising from alcohol. It can also be crystallised from benzene or 
light petroleum. The pure substance is colourless and melts at 112—114° : 

0-2210 gave 0-5821 Agl. Et=32-5. 

C,,5H,,O07 requires Et =32-8 per cent. 
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01961 gave 0°3564 CO,, 0°0850 HO, and 0°0514 I. C=49°6; 
H=4°8; I[=26°2. 
C,,H.,0,1 requires C=50°1; H=4°6; [=25°6 per cent. 


3:5:7-Trihydrozy-2-op-dihydroxy phenyl-4-methyl-1 :4-benzopyranol 
Anhydrohydriodide, C,;H;0(OH);Mel. 

This was obtained by de-ethylating the above-mentioned sub- 
stance by boiling with hydriodic acid (D1°7) for one and a-half 
hours. The mixture was poured into water, free iodine was re- 
moved by the addition of sodium hydrogen sulphite, and the new 
dyestuff was thus obtained in crystalline form. Its behaviour with 
potassium hydroxide, and the colour of its dyeings on different 
mordants, have already been recorded. 


5 : 7-Diethoxy-2-mp-diethoxyphenyl-4-ethyl-1 : 4-benzopyranol 
Anhydrohydriodide, C,,;H,O(OEt), EtI. 

This was prepared by the action of magnesium ethyl iodide on 
luteolin tetraethyl ether. It separated from alcohol in orange- 
coloured, needle-shaped crystals, melting at 169—172° (0°8 gram 
from 1 gram of luteolin tetraethyl ether) : 

0°2017 gave 0°4103 CO,, 0°1080 H,O, and 0°0467 I. C=55°5; 


H=5'9; I=23°1. 
C,;H3,0;I requires C=55°8; H=5°8; I=23°6 per cent. 

The free base, 5:7-diethoxy-2-mp-diethoryphenyl-4-ethyl-1 : 4- 
benzopyranol, C,,;H,O(OEt),Et-OH, was obtained from the 
hydriodide by the same method as was employed in preparing the 
first compound described in the experimental part of this paper. 
It is the only pyranol base of this series that has been obtained 
crystalline. It separates from alcohol in colourless, needle-shaped 
crystals, melting at 116—117°. 


5: 7-Dihydrozy-2-mp-dihydrozyphenyl-4-ethyl-1 : 4-benzopyranol 
Anhydrohydriodide, C;;HgO(OH),EtI,H,O. 


This compound was obtained in crystalline form by de-ethyl- 
ating its tetraethyl ether by means of hydriodic acid (D1‘7). Its 
dyeing properties have already been recorded. Its dyeings have 
greater fastness towards all agents than those of any other member 
of this series, and compare favourably in fastness with those of 
many other series of dyes: 

0°1912 gave 0°3230 CO,, 0°0700 H,O, and 0°0544 I. C=46'1; 

H=4'1; I=28°5. 
C,,H,;0;1,H,O requires C=46°0; H=3°8; 1=28°6 per cent. 


1486 WATSON, SEN, AND MEDHI: CONVERSION OF THE NATURAL 


5: 7-Diethory-2-p-ethory phenyl-4-ethyl\ 4 henzopyranol 
Anhydrohydriodide, C,,;H,O(OEt),EtT. 

Apigenin trimethyl ether was treated with magnesium ethyl 
iodide under the usual conditions, and the product was crystallised 
from alcohol, from which it separated in orange-coloured rhombs, 
melting at 178—180°; the yield was 0°7 gram from 1 gram of 
apigenin trimethyl ether: 

0°1987 gave 0°4108 CO,, 0°1009 H,O, and 0°0507 I. C=564; 

H=5°6; I=25°5. 
C..H.-0,1 requires C=55°9; H=5°5; 1=25°7 per cent. 
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The platinichloride, (C.3H,;0,Cl),PtCl,,2H,O, was obtained as a 
bright red precipitate on adding hydrochloric acid and _platinic 
chloride to the above hydriodide. It could not be crystallised : 

0°1039 gave 0°0175 Pt. Pt=16'8. 

(C,;H.70,Cl).PtCl,,2H,O requires Pt=16°4 per cent. 
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5:7-Dihydroay-2-phydrovy phenyl 4-ethyl1 :4-benzopyranol 
A nhydrohydriodide, C,;H,O(OH),EtI,H,O. 


This was prepared in good yield by boiling its triethyl ether 
with hydriodic acid (D1°7). On pouring the mixture into water, 
the dye was obtained in needleshaped crystals. Its behaviour 
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anhydrohydriodide. 


with potassium hydroxide, and the colour of its dyeings, have been 
recorded already : 
0°2013 gave 0°3509 CO,, 0°0731 H,O, and 0°0589 I. C=47°5; 
H=4°0; I=29°2. 
C,,H,;0,1,H,O requires C=47'7; H=4°0; [=29°6 per cent. 


Absorption Spectra. 


Fig. 1 gives the curves for the dyes of this series in alcoholic 
solution with the addition of sodium acetate (0°1 gram to 100 c.c. 
of V/10,000-solution), the spectra of the free bases being thus 
obtained. The solutions obtained by adding alkali hydroxide were 
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too fugitive for their curves to be accurately drawn. The effect 
of multiplying the auxochromes is seen in the movement of the 
front of the band towards the red end of the spectrum. The 
difference between the absorption bands of the pyranol dyes from 
quercetin and morin is not so striking as the difference of the 
shades obtained in dyeing.* The outstanding position of the dye 
obtained from quercetin and o-bromoanisole agrees with the con- 
clusion drawn from analysis, namely, that a fifth ring has been 
formed in the molecule by condensation. 

The absorption curves of the dyes as salts (hydrochlorides or 
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hydriodides) in alcoholic solution are given in Fig. 2. The bands 
are narrower and deeper than those of the corresponding free bases, 
and approximately 650, further towards the blue end of the 
spectrum, except the band of the dye for quercetin and o-bromo- 
anisole, which has shifted much more than 650p. Thus the 
absorption spectrum of this substance does not differ widely from 
those of the rest of the series. 

* It is frequently noticed that the absorption spectra of dyes appear very 
similar, although they give very different shades in dyeing. A very slight 
shifting of a strong band in the yellow region has a great effect on the 
colour. 
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Fig. 3 shows the absorption curves of the salts of ethylated com- 
pounds. There is very little difference between these absorption 
spectra and those of the salts of the de-ethylated compounds, that 
is, the dyes. 

CHEMICAL LABORATORY, 
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CLXIV.—The Preparation of Ethyl Bromide. 


By Frank EpwIn WEsTON. 


THE preparation of ethyl bromide has assumed great importance 
of late, and hence any improvements in the methods for increasing 
its yield are to be welcomed. 

The laboratory methods—based on the method of De Vrij 
(Jahresber., 1857, 441)—as given in the usual practical books 
on “organic preparations” fall short in the following respects: 

(1) A large excess of alcohol is used, giving a yield of less than 


50 per cent. of ethyl bromide on the alcohol used. 

(2) The formation of ether, owing to (a) the large excess of 
alcohol used, and (b) the high temperature used in the reaction. 
This necessitates special treatment of the crude ethyl bromide for 
the removal of the ether, with concomitant loss of ethyl bromide. 

(3) The use of potassium bromide instead of the less expensive 
sodium bromide. 

By using the quantities given below, and paying attention to 
the rate of heating the reaction mixture, a minimum yield of 
pure ethyl bromide of 80 per cent. of the theoretical on either the 
sodium bromide or alcohol used can be obtained, and with special 
care yields of 90 per cent. are possible; also, it is possible to obtain 
these yields without the formation of even a trace of ether, thus 
obviating loss of time and material in purifying the crude product. 


Preparation of Ethyl Bromide. 


Quantities of Materials——(1) Molecular proportions by weight 
of absolute alcohol, sulphuric acid (D 1°84), and sodium bromide. 

(2) Water to the extent of 5—10 per cent. of the weight of 
alcohol taken. 

(3) Excess of sulphuric acid to the extent of 5 per cent. of the 
theoretical weight required. 

VOL CVII. 4 y¥ 
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Method.—The alcohol and water are mixed in a round-bottom 
flask of requisite size, and the sulphuric acid is added, the mixture 
being well cooled during the process. To the cold mixture, the 
sodium bromide, in very coarsely powdered form, is added. The 
flask is then supported in a capacious water-bath fixed to a good 
condenser, the outlet of which dips into water contained in a 
stout, wide-mouthed bottle standing in a trough of cold water. 
The water-bath is heated very gently, so that the rise of tempera- 
ture is slow, until drops of ethyl bromide are seen to fall from 
the condenser into the receiver; the temperature is only allowed 
to rise as the rate of formation of ethyl bromide slackens, until 
the water is boiling; when the rate of formation of ethyl bromide 
at this temperature slackens, the water-bath is removed and a 
sand-bath put in its place; again the temperature is carefully 
raised, so that the ethyl bromide distils over regularly, the heat- 
ing being continued until no more ethyl bromide is obtained. By 
paying careful attention to the heating, no frothing is obtained, 
and for quantities of six gram-molecular weights of each of the 
reacting substances a 2-litre round-bottomed flask is of ample size. 
The only loss, so far as has been ascertained, is that of hydrogen 
bromide during the first hour of heating, and this doubtless would 
be brought to a minimum by increasing the quantity of water, 
within limits, and allowing longer time for heating. Most of the 
hydrogen bromide is dissolved in the water contained in the 
receiver, and can be recovered as sodium bromide. The crude 
ethyl bromide is separated from the acid water, washed with very 
dilute sodium carbonate solution, and then once with water, and 
allowed to remain over fused calcium chloride for half an hour. 
On distilling slowly from a water-bath, it will be found that more 
than 99 per cent. of the crude ethyl bromide will distil between 
38°5° and 39°5°. 

The following results are typical of those obtained by the method 
described : 

Ethyl Sulphuric Sodium Ethyl Percentage 
alcohol. Water. acid, bromide. bromide, yield o 
Grams. Grams. Grams. Grams. Grams. theoretical. 

92 — 200 206 185 

138 _— 300 309 270 

184 — 400 412 370 

276 15 620 618 550 

276 20 625 618 556 


Tue CHEMICAL DEPARTMENT, 
Tue POLYTECHNIC, 
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CLXV.—The Action of Diazomethane on Some 
Aromatic Acyl Chlorides. 


By Doveétas Artruur CLIBBENS and MAXIMILIAN NIERENSTEIN. 


Tue reaction described in this communication is an extension of 

the observations made by Schlotterbeck (Ber., 1907, 40, 479), and 

to some extent also by Hans Meyer (ibid., 847)—that aldehydes, 

when treated with diazomethane, yield methyl ketones: ~ 
R-COH + CH,N, = R-CO-CH; + No, 

as we have found that some aromatic acyl chlorices, when treated 

with diazomethane, yield chloromethyl ketones: * 


R-COCI + CH.N,=R-CO-CH,Cl + Ny. 


EXPERIMENTAL. 


The following general technique was adopted by us in the pre- 
paration of the products described here. The chlorides were dis- 
solved in ether (as used in the Grignard reaction) and treated in 
molecular proportion with an ethereal solution of diazomethane 
prepared according to Staudinger and Kupfer’s method (Ber., 
1912, 45, 501), and quantitatively tested by Marshall and Acree’s 
benzoic acid method (Ber., 1910, 48, 2323; compare also Nieren- 
stein, this vol., p. 870). The ether was removed after cessation 
of the evolution of nitrogen, and the residue distilled under 
diminished pressure. The first fraction generally contained some 
unchanged chloride, the second one consisted of the chloromethyl 
ketone, which solidified, whereas the third fraction consisted of a 
small amount of a nitrogenous by-product. In two cases where 


“ [With Arruur GEAKE.J]—This reaction suggested to us the possibility 
that a more or less mobile hydroxyl group such as the one in triphenyl- 
carbinol (compare Schmidlin, Das T'riphenylmethyl, p. 120) would, if acted 
on with diazomethane in molecular proportion, probably yield triphenyl- 
ethanol. This, however, is not the case, and our experiments have shown that 
ueither in triphenylcarbinol nor in the other carbinols used by us are the 
hydroxyl groups methylated by diazomethane. 

Triphenylearbinol, benzhydrol, benzyl alcohol, and benzoylearbinol were 
recovered unchanged and identified by their melting points, mixed melting 
points, and also tested in the Zeisel apparatus for methoxy-groups. Benzilic 
acid, on the other hand, gave methyl benzilate (m. p. 76°. Found, 
OMe=12'92. ©,;H,,O°CO,Me requires OMe=12-18 per cent.). When 
hydrolysed with alkali, benzilic acid was recovered (m. p. 149—150°, mixed 
m. p. 150°). Mandelic acid gave methyl mandelate (b. p. 257—259°/752 mm., 
m. p. 51—53°. Found, OMe=18-11. C,;H,O°CO.,Me requires OMe=18-69 
per cent.). On hydrolysis with alkali, mandelic acid was recovered (m. p. 
117—118°, mixed m. p- 118°). 


4y¥2 
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o-acetoxyacyl chlorides had been used, the first fraction contained, 
in addition to some unchanged chloride, mostly acetyl chloride, 
which had been eliminated during the formation of the correspond- 
ing coumaranone: 
\o-co-c \o-Co- 
/ Vl : 

Not isolated. 


O 


™~ 
CH, + CH,-COCI. 

I 

co 


Blom and Tambor (Ber., 1905, 38, 3590) have already directed 
attention to the ease with which the five-membered ring is formed 
in the case of w-bromo-o-methoxyacetophenone, which results are 
more fully described by Blom (Diss., Berne, 1907). Only in one 
case did we use a carbomethoxy-derivative (tricarbomethoxygalloy] 
chloride). The product obtained by us was a nitrogenous sub- 
stance of high melting point, which we have so far not investi- 
gated. 


w-Chloroacetophenonre. 


Fraction II boiled at 139—141°/14 mm., and the solidified pro- 
duct crystallised from light petroleum in leaflets, which melted at 
58—59° (Ber., 1871, 4, 35). The yield was 72 per cent. of the 
theoretical. (Found, C=61'55; H=5:13; Cl=22:98. C,H,OCI 
requires C=61°85; H=4°53; Cl=22°98 per cent.) 


w-Bromoacetophenone. 


This ketone was prepared from benzoyl bromide and diazo- 
methane. Fraction II passed over at 135°/18 mm., and solidified 
in the condenser. It crystallised from light petroleum in small 
needles, melting at 51° (Ber., 1891, 27, 550). The yield was 28 
per cent. of the theoretical. (Found, Br=40°68. C,H,OBr re- 


quires Br=40°17 per cent.) 


Benzyl Chloromethyl Ketone, CsH;*CH,*CO-CH,Cl. 


The phenylacetyl chloride (b. p. 102—103°/16—17 mm.) was 
prepared by the method described by Anschiitz and Berns (Ber., 
1887, 20, 1389). Fraction II passed over at 159—161°/17 mm., 
and solidified. It crystallised from chloroform in star-shaped 
needles, which melted at 72—73°. The yield was 84 per cent. of 
the theoretical : 
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01396 gave 0°3282 CO, and 0:0692 H,O. C—64-11; M=5-54. 
01606 ,, 01382 AgCl. Cl=21-27. 
C,H,OCI requires C= 64:09; H=5°34; Cl=21°06 per cent. 


B-Phenylethyl Chloromethyl Ketone, C,H;-CH,"CH,*CO-CH,Cl. 


The phenylpropionyl chloride (b. p. 115—116°/11—12 mm.) 
was prepared according to Kipping’s method (T., 1894, 65, 484). 
Fraction II passed over at 153—156°/11—12 mm., and crystal- 
lised from benzene in long needles, melting at 84—85°. The yield 
was 82 per cent. of the theoretical: 

0°1822 gave 0°4398 CO, and 0°0986 H,O. C=65°82; H=6°06. 

01774 ,, 01402 AgCl. Cl=19°55. 

C, 9H,,OCI requires C=65°75 ; H=6°03; Cl=19°45 per cent. 


Anisyl Chloromethyl Ketone, CH,°O-C,H;*CO°CH,Cl. 


The anisyl chloride (b. p. 262—263°/743 mm.) was prepared 
according to Ullmann and Goldberg’s method (Ber., 1902, 35, 
2814). Fraction II passed over at 179—181°/16—18 mm. It 
crystallised from alcohol in needles, which melted at 104—105°, as 
found by Kunckell and Johannssen (Ber., 1897, 30, 1715). The 
yield was 86 per cent. of the theoretical. (Found, Cl=19°64, 
C,H,O0,Cl requires Cl=19°24 per cent.) 


Coumaranone, CH <Go>CHe: 


The o-acetoxybenzoyl chloride (m. p. 41—42°) was prepared 
according to the method described by Anschiitz (Annalen, 1909, 
367,172). Fraction II passed over at 152—154°/15—17 mm. It 
crystallised from alcohol in needles, melting at 101—102°. The 
melting points found for coumaranone are 97° (Friedlander and 
Neudorfer, Ber., 1897, 30, 1081) and 101—102° (Stérmer and 
Bartsch, Ber., 1900, 33, 3177). The product gave the colour re- 
actions described by Friedlander and Neudérfer. The yield was 
92 per cent. of the theoretical, which is in every way better than 
that found by other observers. (Found, C=71'84; H=4°93. 
M.W.=149, 136. C,H,O, requires C=71°64; H=4'48 per cent. 
M.W.=134.) 


3-Methoxycoumaranone, CH,'0-0,4 <9 CH,. 


For the preparation of the B-resorcylic acid required for the 
chloride, a modification of Bistrycki and Kostanecki’s method 
(Ber., 1885, 18, 1985) was used, in which carbon dioxide was 
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constantly passed through the solution of hydrogen carbonate 
(both potassium and sodium hydrogen carbonates were tried, and 
were found to yield the same results) and resorcinol during the 
heating process. The product obtained by us was snow-white, and 
when crystallised from water without the use of animal charcoal 
melted at 216—217°, carbon dioxide being evolved. The yield 
is 92—95 per cent. of the theoretical, and exceeds that obtained 
by Bistrycki and Kostanecki by 30 per cent. The acid was con- 
verted into pmethoxysalicylic acid according to Kostanecki and 
Tambor’s method (Ber., 1895, 28, 2309), which crystallised from 
benzene in needles melting at 154° (Tiemann and Parrisius, Ber., 
1880, 18, 2379). It was acetylated with acetyl chloride and 
pyridine to 2-acetoxy-4-methoxybenzoic acid, which crystallised 
from alcohol in perfect cubes, melting at 145—147°. This melting 
point is higher than the one given by Nagai (Ber., 1891, 24, 
2852), who found 140° for a preparation obtained in a different 
way. 

2-Acetory-4-methozrybenzoyl chloride, OMe*C,H,(OAc)-COCI, 
was prepared by warming 10 grams of the acid with a slight mole- 
cular excess of phosphorus pentachloride, and the phosphory| 
chloride removed at 35—40°/10—12 mm. The residue was dis- 
solved in light petroleum and filtered, when the product separated 
in long, prismatic needles, which melted at 81—82°. The yield 
was theoretical : 

0°2060 gave 0°1306 AgCl. Cl=15°68. 

C,9H,O,Cl requires Cl=15°54 per cent. 

The chloride was converted in the usual way into the 3-methoxy- 
coumaranone. Fraction IT passed over at 182—184°/11—12 mm., 
and crystallised from alcohol in colourless needles which melted 
at 125°, as found by Blom and Tambor (Ber., 1905, 38, 3590), 
whe, however, describe 3-methoxycoumaranone as crystallising 
from alcohol in pale yellow needles. The yield was 88 per cent. 
of the theoretical. (Found, C=65°45; H=4°92. C,H,O, requires 
C=65°85 ; H=4°88 per cent.) 


In conclusion, we wish to thank Cpl. C. W. Spiers, R.E., and 
Lieut. F. 8. Wallis, for carrying out some of the analyses men- 
tioned in this paper. 

BIocHEMICAL LABORATORY, 
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CLXVIL—Studies in Ring Formation, Part I. The 
Kaufler Formula for Derivatives of Diphenyl. 


By Eustace EBenezer TURNER. 


THE present communication describes some attempts to ascertain 
how far Kaufler’s formula (Annalen, 1907, 351, 151) for diphenyl 
is representative of the experimental facts. 

Dobbie, Fox and Gauge (T., 1911, 99, 683), by warming 
2:2!-dibromodiphenyl with sodium, succeeded in eliminating the 
two halogen atoms, with the formation of o-diphenylene. If 
diphenyl and its derivatives possess a configuration such as that 
suggested by Kaufler, it seems reasonable to expect that 4:4/- 
dihalogen diphenyls would pass to some extent into »diphenylene 
under similar conditions. In practice, no action seems to occur, 
and from this fact the author concludes that the 4:4/-positions in 
diphenyl are very much further apart than the 1 : 1/-positions. 

Again, Tiuber (Ber., 1891, 24, 2276, etc.), by the action of 
sodium amalgam on 2:2/-dinitrodiphenyl, obtained the closed-ring 
compounds containing the azo- and azoxy-groups. In the case of 
the 4:4/-dinitro-compounds, however, the present author finds no 
such reaction to occur. The strain in a compound such as the 
hypothetical p-diphenylene (I) would undoubtedly be extremely 

4 \-n / \.n 
ae as. 


Le i-—_T 
~ a Pe 
(II.) (III.) 


large, and such a compound would almost certainly be strongly 
endothermic. In the case of II and III, however, there appears 
to be much less reason for instability, and to this extent, at least, 
Kaufler’s formula seems unsatisfactory. One would expect 
4:4/-dinitrodiphenyl to pass, at least partly, into the closed-ring 
compounds IT and ITI. 

Cain, who has brought forward (T., 1914, 105, 1437) the most 
conclusive proof of the advantages of Kaufler’s formula, finds that 
whilst a-diketones, such as benzil, condense readily with benzidine 
to give compounds of the type 
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phenanthraquinone has no action at all. This, as he points out, 
seems to indicate that the two amino-groups in benzidine are more 
remote than those in an o-diamine, and in view of this probability 
the negative results recorded above are not surprising, since a 
similar difference must be assumed between any 4: 4/-derivatives 
of diphenyl and the corresponding diortho-substituted benzenes, 
without omitting the possibility, however, of differences due to the 
mass and chemical nature of the substituents in question. 

However, if the inability of phenanthraquinone to condense 
with benzidine lies in the distance between the carbonyl groups 
and the rigidity of the phenanthrene molecule, it would seem 
reasonable that B-diketones would show a ready tendency to con- 
dense with benzidine and its congeners to give cyclic derivatives 
of the type 


Nae 
DoNcr 


rd 
\ 
K S-N:cr 


SCH,. 


When benzidine is warmed with excess of acetylacetone, two 
molecules of the latter condense with one molecule of the base, and 
the compound 


« )>-N:CMe-CH,COMe 


-N:CMe-CH,°COMe 
(IV.) 


™\ 


separates in well-defined, yellow crystals. The constitution of the 
substance follows from its mode of formation and from the fact 
that when warmed with concentrated sulphuric acid it passes into 
2:4:2/:4’-tetramethyl-6 : 6/-diquinolyl, 


(IV.) 


When acetylacetone is slowly added to a boiling xylene solution 
of benzidine, so that it always meets a considerable excess of the 
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latter, only one amino-group is attacked, and compound V_ is 


produced : 


K »-N:CMe-CH,-COMe Z. —NCMe, 


a 
»>CH, 


Va ™ 4 \N: ff ; 
8 pea . . 
(V.) (VI.) 

This substance shows no tendency whatever to pass into the 
Kaufler type of compound (VI), even in the presence of powerful 
dehydrating agents (phosphoric oxide, etc.). 

In view of the readiness with which the free CO-CH, groups in 
compound IV react with the orthohydrogen atoms in the two 
benzene rings, it seems curious that compound V shows no tendency 
to lose the elements of water and give compound VI. When a 
dehydrating agent is present, a different mechanism is to be ex- 
pected, of course, for in most cases there will be salt-formation 
(for example, with phosphoric oxide) at the amino-group. The 
fact that the results obtained are difficult to reconcile with the 
unmodified Kaufler formula, however, can hardly be denied, 
although in view of the mass of positive evidence adduced by Cain 
and collected by Kaufler no negative results can be accepted as 
definitely adverse indications. In order to find out, if possible, 
where the inconsistency lies, other experiments have been set in 
progress, . 


EXPERIMENTAL. 
Diacetylisopropylidenebenzidine (IV). 


Benzidine is warmed with excess of acetylacetone for a few 
minutes. A vigorous reaction ensues, and the whole soon sets to 
a semi-solid mass of crystals, which are collected and recrystallised 
from alcohol : 

0°3074 gave 21°9 c.c. N, (moist) at 23° and 759 mm. N=8°07. 

C,.H,,O,N, requires N=8°05 per cent. 

A portion of the substance was warmed with dilute hydrochloric 
acid until solution was complete, dilute sulphuric acid added, and 
the mixture left to cool for an hour. The precipitated benzidine 
sulphate was then collected in a Gooch crucible, and weighed when 
dry. In this way, 0°884 gave 0°714 benzidine sulphate, the calcu- 
lated amount being 0°716. 

Diacetylisopropylidenebenzidine forms pale yellow or brown 
crystals, melting at 198°, and having a very characteristic shape. 
The substance is sparingly soluble in cold acetone, benzene, alcohol, 
or acetic acid, and in hot ethyl acetate. It is readily soluble in 
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hot glacial acetic acid or benzene, and very readily so in cold 
chloroform. It crystallises best from alcohol. Concentrated 
sulphuric acid converts it gradually into 2:4:2/:4/tetramethyl- 
6 :6/-diquinolyl, whilst’ concentrated nitric and hydrochloric acids 
primarily hydrolyse it to acetylacetone and benzidine, in the same 
way as the dilute acids. Alkali, in aqueous or alcoholic solution, 
is without action. ¢ 


Tetrabromo-derivative. 


When a chloroform solution of the above compound is treated 
with a chloroform solution of bromine, long, colourless needles 
separate, which, however, cannot be separated from a trace of 
impurity ; the bromine content is accordingly high: 

0°2294 gave 0°2622 AgBr. Br=48°6. 

C,,H,,0,N,Br, requires Br=47°9 per cent. 
This compound is very sparingly soluble in all the usual solvents, 


2:4:2/:4!-Tetramethy1-6 : 6/-diquinolyl. 


Diacetylisopropylidenebenzidine is warmed with concentrated 
sulphuric acid for an hour. The yellow solid slowly dissolves, and 


a reaction is seen to be in progress. After a few minutes, a bright 
blue fluorescence develops, which increases in intensity as the heat- 
ing is continued. The cooled solution is poured into excess of 
water, and rendered alkaline with sodium hydroxide. A white 
precipitate is produced, which is collected and crystallised from 
alcohol. The base (colourless needles, m. p. 235°) is easily 
identified by the characteristic fluorescence in sulphuric acid, or 
the no less characteristic greenish-blue fluorescence in dilute nitric 
acid. The hydrochloride was prepared and analysed. (Found, 
Cl=18°2. Cale., Cl=18°4 per cent.) An interesting point here 
seems worth recording. If one attempts to estimate the chlorine 
in the hydrochloride by simple precipitation with silver nitrate in 
dilute nitric acid solution, the results are valueless, owing to the 
impossibility of washing free from the nitrate of the base, which 
is very sparingly soluble in dilute nitric acid, although more 
readily soluble in water. It at once occurred to the author that 
a possible substitute for nitron was forthcoming, but a preliminary 
trial with potassium nitrate was a failure. 


Mohoacetylisopropylidenebenzidine (V). 


1°84 Grams of benzidine are dissolved in 10 c.c. of xylene, and 
the solution is heated to boiling under reflux. One gram of acetyl- 
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acetone in 5 c.c. of xylene is added drop by drop during the course 
of an hour. In this way, the acetylacetone meets an excess of 
benzidine, and on distilling off, the greater part of the xylene, 
crystals separate, which are crystallised from alcohol : 


0°3017 gave 27°8 c.c. N, (moist) at 22° and 765 mm, N=10°6. 
C,;H,,ON, requires N=10°8 per cent. 

Monoacetylisopropylidenebenzidine forms pale yellow crystals, 
melting at 137°. It is sparingly soluble in cold alcohol, benzene, 
ether, or light petroleum, and in hot light petroleum or ether. It 
is readily soluble in cold acetone or glacial acetic acid, and in hot 
benzene or alcohol. It is very readily soluble in cold chloroform 
or ethyl acetate. 

Alkalis have no effect on the substance, but, as in the case of 
the compound melting at 198°, acids easily hydrolyse it. This is 
obviously due to initial salt-formation at the N:C-grouping, since 
even in the case of the compound melting at 198° an unstable 
hydrochloride can be obtained with dry hydrogen chloride in 
chloroform solution, this being instantly converted by water into 
benzidine hydrochloride and acetylacetone. In the case of the 
substance melting at 137°, 0°694 gave 0°715 benzidine sulphate, 
the calculated amount being 0°736. 

The hydrochloride, formed by passing dry hydrogen chloride 
into a chloroform solution of the base, is a white substance, which 
rapidly decomposes. 

The platinichloride.—The effect of adding platinichloride to the 
base in alcoholic solution is as follows: 

(a) In Cold Solution—A_ yellow, crystalline precipitate con- 
taining some amorphous particles is formed: 


0°2050 gave 0°0391 Pt. Pt=19°1. 


(b) In Hot Solution—A very well-defined yellow, crystalline 
precipitate is obtained : 


0°4079 gave 0°1285 Pt. -Pt=31°6. 


C,pH,.No,HPtCl, 


requires Pt=33°'1 per cent., it is evident that (a) gives the platini- 
chloride nearly pure, but containing free base in occlusion, whilst 
(5) effects almost complete hydrolysis, giving the platinichloride 
of the base as an impurity merely in benzidine platinichloride. 
The picrate, obtained by mixing chloroform solutions of the 
base and picric acid, forms long, yellow needles, which darken on 
heating, and have no definite melting point. It is almost in- 
soluble in chloroform, but moderately soluble in alcohol. The 
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solution in alcohol, however, deposits some benzidine picrate, 
evidently formed by the hydrolysis of the mono-base: 
0°1759 gave 21°7 c.c. N, (moist).at 21° and 764 mm. N=14'2. 
C,,H,,ON,,C,;H,0,N, requires N=14°2 per cent. 


GoLtpsmitTH’s COLLEGE, 
UNIVERSITY OF LONDON. [ Received, July 13th, 1915 ] 


CLXVII.—A Comparative Method for Determining 
Vapour Densities. 


By Puitip BLACKMAN. 


Tue method here described is by far the simplest yet proposed 
for the determination of vapour densities. 

A piece of ordinary glass tubing is drawn out to a straight 
capillary about 50 cm. long to act as a refill (Fig. 1); this must 


Fic. 1. 


be fine enough to admit of its insertion into the bore of a capillary 
tube. 

A straight capillary tube, about 100 cm. in length, and of not 
too wide a bore, is thoroughly cleaned and dried. One end, B 
(Fig. 2), is drawn off to a fine point and sealed. The capillary 


Fie. 2. 


b 
————— 
1 —— >) A 
m 


tube is placed vertically, the closed end, B, downwards; a drop of 
mercury is introduced into the refill, which is inserted into the 
bore of the capillary tube, and a short thread of mercury, M, 
placed about half-way down the bore. The refill is withdrawn, 
and by a similar process a short thread (less than 10 mm.) of the 
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liquid to be experimented on is introduced well away from the 
end A, which is now sealed. The end B is now opened, and when 
the end A has cooled to room temperature, the tube is placed 
horizontally, the length V of the air thread between A and & is 
measured, and also the length 7, of the thread of liquid. The 
refill is now used for inserting a short length (less than 10 mm.) 
of a liquid, the vapour density of which (d,) is known, through 
B, which is then sealed. When B has cooled to the external 
temperature, the tube is placed horizontally, and the lengths V, 
of the air thread between A and M, V, of the air thread between 
B and M, and /, of the liquid are measured. It should be possible, 
by the aid of a magnifying glass, to measure the lengths 1,, /, 
correctly to 0°2 mm. The specific gravities s,, s. of the substances 
(corresponding with /,, /,, respectively) must be determined, and 
the room temperature, ¢,, and atmospheric pressure, p, noted. 

The tube is next heated in a horizontal position to a temperature 
, (not required to be known), sufficiently high to vaporise com- 
pletely the substances; the heating may be carried out by placing 
the tube within a wider one, and passing the vapour of a suitable 
liquid through it, or simply by placing it on a long piece of 
asbestos and heating it over a combustion furnace (both these 
methods were used with equal success). When the mercury index, 
M, is in a stable position, the lengths v,, vz (on the sides A, B 
respectively) of the air threads (or rather gas threads) are 
measured, and the vapour densities d,, d, are compared by the 
aid of the formule given below. 

In the sealing-up processes, the tube should be manipulated by 
means of corks, so as to avoid evaporation of the liquid threads by 
the heat of the fingers. 

As the substances must be vaporised under considerable internal 
pressure, and thus at temperatures above those at which they 
boil under ordinary atmospheric pressure, it is evident that the 
temperature of the heating medium must be well above that at 
which the liquid with the higher boiling point vaporises. 

If the substance to be experimented on is a solid, it is intro- 
duced into the tube, the latter placed in an upright position, and 
warmed in the region of the solid to cause this to melt and run 
together to form a continuous thread, the length of which (/,) is 
measured on cooling (thus, this is introduced in the second opera- 
tion, the liquid of known vapour density—J,,s,,d,,v,,V,”V—being 
introduced first). 

Let a=the average area of the cross-section of the bore. 

It is assumed that at 0° and 760 mm., 1 gram of hydrogen 
occupies 11,160 c.c. 
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The internal air pressure before heating 
p(aV-al,) _ pf V-1) 
aV,-al, Vi-4 
After heating to ¢,°, the internal pressures are: 
(On side A) air pressure 
p(aV — al,)(273 + ¢,)(al’, —a/,) 
(al’, — al, )av,(273 + ¢,) 
AV - 1273 +t) 
v,(273 + ¢,) 


vapour pressure 
11160 x 760(273 + ¢,)s,a/, 
273d av, 
31068s,/,(273 +¢,) 
dv, 


(On side ZB) air pressure 
praV —al,)(aV, - al,)(273 + ¢,) 
(aV, — al, )av,(273 + ¢,) 
P(V -1,)( Vg -1,)(273 + t,) 
vf V, -— 4,273 +4) , 


vapour pressure 
11160 x 760(273 + ¢,)s,0/, 
273d,av, 
31068s,/,(273 + ¢,) 
wetrinscines «os = Soe & o's 
ne (4) 
But (1) + (2)=(3)+ (4), whence 
3106887, _— p(V—-4,) Ve-& 86=—s ] 31068s,/, 
d,v, 273+¢, Lv(V,-4) v; dv, ’ 


from which d,, d, can be compared, and if one be known the other 


can be calculated. 
The quantity 
AV-) { %y-k _ 1) 
273 +0, leg", -4) v, | 


is exceedingly small (especially when V,+1, are large in com 
parison with /,+/,) compared with either 31068 s,J,/d,v, or 
31068 s,/,/d,v,, so that for all ordinary purposes the formula may 
be written 


8,/, — See 
dv, dv, 
Indeed, it would appear, from examination of the results below, 


that the error introduced by using the simple formula is, on the 
average, much less than 1 per cent. than if the complicated 
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formula be employed, so that for all ordinary purposes the process 
resolves itself very simply to this: sealing end B; introduction 
of /,, sealing A, measuring /,; opening B, introducing /y, sealing 
B, measuring /,; heating to cause complete vaporisation ; measur- 
ing V4, Vo 

For the sake of uniformity, it has been stated that /, is the 
substance the vapour density of which is to be determined. Asa 
matter of fact, /, may represent that substance. 

The following table shows the results obtained by the above 


method : 
d,.d,. dy ,d.. 
d, do, Uyly. V,,U2- p. V,,Ve V. Full Simpler 
8),S). theory.mm. mm. ¢,°, mam. mm. mm. formula. formula. 
Ethyl bromide 1-430 54:5 5-6 408 18 758 399 382 544 ° 54-5 
Chloroform ... 1495 597 7-4 513 — 522 59-9 59-8 


Ethyl acetate.. 0-908 44:0 4:8 299 1! jl 398 44-2 43-9 
Chloroform ... 1-502 59-7 66 501 402 59-6 59-7 
Chloroform ... 1500 59-7 2-4 186 j 376 59-9 59-8 
Ethylether ... 0-725 37-0 94 569 379 36-7 36-9 
Benzene S 39-0 : 421 765 351 39-3 39-7 
Toluene ‘870 46:0 G2 262 332 45-6 45-2 
Methyl alcohol 0-796 16-0 88 G6S4 ° 64 463 - 15-9 15-6 
Ethyl alcohol... 0-790 23-0 3-8 235 456 23-4 23-6 
Acetone -793 29-0 Y- 503 -5756 509 26-1 26-2 
Acetic acid ... 1- 30-0 56 340 334 33°3 33-2 
HACKNEY TECHNICAL INSTITUTE, 
Lonpon, N.E. [Received, July 23rd, 1915.] 


CLXVIL.—Polymorphie Phthalyl-halogen-substituted- 
-phenyl- and -tolyl-hydrazides. 


By Freperick Danie, Cuarraway and Ernest VonpERWAUHL. 


In order to ascertain how the substitution of halogen affects the 
crystalline form of the phthalyl-phenyl- and _phthalyl-tolyl- 
hydrazides, and whether any of these halogen derivatives can 
easily be obtained in polymorphic forms, several such compounds 
have been prepared and their properties examined. 

Very obvious alterations of crystalline habit are produced by 
the introduction of chlorine, bromine, or iodine into the nucleus 
of phthalylphenylhydrazide, these alterations being dependent 
upon the number of halogen atoms introduced and the positions 
into which they enter; the nature of the halogen has little effect. 
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The introduction of a halogen atom into the para-position does 
not markedly alter the appearance of the crystals, except by 
causing the crystalline habit to become somewhat more slender 
than that of the parent substance. All the phalogen derivatives 
crystallise in a yellow modification similar to the yellow modifica- 
tion of the parent compound. 

The introduction of two halogen atoms into the 2- and the 
4-position causes the crystals to become so elongated and of such 
a hair-like form that they are unsuitable for crystal measurement. 
The further introduction of a third halogen atom into the remain- 
ing ortho-position causes the crystalline habit to become again 
markedly compact. 

The meta-substituted derivatives crystallise in slender, needle- 
shaped forms, whether one meta-position only is substituted or 
both, whilst the derivatives in which one of the ortho-positions is 
substituted, or both, again crystallise in a compact habit. 

Three new examples of polymorphism have been discovered. 
This confirms the opinion previously expressed—that all such com- 
pounds possess the capability of crystallising in more than one 
form, and that failure to obtain polymorphs is due to the correct 
conditions not having been chanced upon or to the rapidity of 
the change of the form unstable at the ordinary temperature into 
the form stable at the ordinary temperature being so rapid that 
the unstable form has escaped recognition. All the compounds 
are easily prepared by dissolving equivalent quantities of phthalic 
anhydride and the corresponding hydrazine in alcohol, mixing the 
solutions, evaporating to dryness on a water-bath, and heating the 
dry product at 100° for a short time. They all crystallise well 
from ordinary solvents, such as alcohol, acetic acid, or toluene. 
Several appear to exist in modifications identical in form and 
melting point, and apparently differing only in colour, one being 
yellow, the other colourless. The cause of this peculiar isomerism 
is being investigated. 


EXPERIMENTAL. 
Cl 

Phthalyl - 0 - chlorophenylhydrazide, CH <g> NNEC » 
crystallises in clusters of compact, pale yellow plates, melting at 
221°. It is sparingly soluble in boiling toluene or glacial acetic 
acid : 

0°2461 gave 0°1317 AgCl. Cl=15°24. 

C,,H,O,N,Cl requires Cl=13°01 per cent. 
Phthalyl-o-bromophenylhydrazide crystallises in clusters of 
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compact, pale yellow plates, melting at 212°. It is sparingly 
soluble in boiling toluene or glacial acetic acid: 

0°3092 gave 0°1815 AgBr. Br=24°98. 

C,,H,O,N,Br requires Br= 25°21 per cent. 

Phthalyl-o-iodophenylhydrazide crystallises in two polymorphic 
forms: in very pale yellow, almost colourless, clusters of hair-like 
needles, and in bright yellow, compact, rhombic plates, which melt 
at 144—145°. It is readily soluble in boiling glacial acetic acid, 
toluene, or alcohol. Either form can easily be obtained free from 
the other from a concentrated solution in boiling toluene by seed- 
ing with the appropriate modification. Both forms give identical 
deep yellow solutions: 

0°2938 gave 0°1888 AgI. I=34°73. 

C,,H,O,N,I requires I=34°87 per cent. 

Phthalyl-m-chlorophenylhydrazide  crystallises in pale yellow, 
very slender, hair-like prisms, melting at 180°: 

0°2243 gave 0°1166 AgCl. Cl=12°86. 

C,,H,O,N.Cl requires Cl=13°01 per cent. 

Phthalyl-m-bromophenylhydrazide  crystallises in pale yellow, 
very slender, hair-like prisms, melting at 208°: 

0°2062 gave 01218 AgBr. Br=25'14. 

C,,H,O,N,Br requires Br= 25°21 per cent. 

Phthalyl-m-odo phenylhydrazide crystallises in long, very slender, 
yellow prisms, melting at 232°: 

0°2130 gave 0°1367 AgI. I=34°69. 

C,,H,O,N,I requires I= 34°87 per cent. 

All these meta-compounds are very sparingly soluble in boiling 
alcohol, and somewhat more readily soluble in boiling glacial acetic 
acid or toluene. They crystallise well from all three solvents. 
The solubility diminishes and the colour deepens as the atomic 
weight of the halogen increases, the iodo-derivative being of a 
decidedly deeper yellow colour than the chloro-derivative. 

Phthalyl-p-iodophenylhydrazide* crystallises in long, bright 
yellow prisms, melting at 193°5°. It is sparingly soluble in boil- 
ing alcohol, acetic acid, or toluene: 

0°2100 gave 0°1356 AgI. I=34°90. 

C,,H,O,N,I requires I=34°87 per cent, 


Br 
Phthalyl-2 : 6-dibromophenylhydraside, OH, <Go>N-NHC > 
Br 


* The corresponding chloro- and bromo-compounds have been described 
by Chattaway and Wiinsch (T., 1911, 99, 2260). 


VOL, CVII. 42 


1506 CHATTAWAY AND VONDERWABL: POLYMORPHIC PITTUALYL- 


crystallises in two polymorphic forms. It dissolves moderately 
easily in boiling toluene, from which, on cooling, it separates in 
clusters of pale yellow, very minute, microscopic prisms, melting 
at 203°. On allowing these to remain suspended in toluene at the 
ordinary temperature, large, transparent, colourless, six-sided 
rhombic plates of the form stable at the ordinary temperature 
make their appearance, whilst the unstable form dissolves and 
slowly disappears. When heated rapidly, this form shows signs 
of melting at about 190°, becoming transformed at this tempera- 
ture into the yellow variety, which resolidifies, and then melts at 
203°. Both forms dissolve sparingly in boiling alcohcl, more 
readily in boiling glacial acetic acid or toluene, giving identical 
bright yellow solutions: 

0°2501 gave 0°2368 AgBr. Br=40°29. 

C,,H,O,N,Br, requires Br=40°37 per cent. 

Phthalyl-3 :5-dibromophenylhydrazide crystallises in very faintly 
yellow, long, hair-like prisms, melting at 268°. It is very 
sparingly soluble in boiling alcohol, and sparingly so in boiling 
toluene or glacial acetic acid, giving very faintly yellow solutions: 

0°1764 gave 0°1671 AgBr. Br=40°31. 

C,,H,O,N.Br, requires Br =40°37 per cent. 

Phthalyl-3 :4-dibromophenylhydrazide crystallises in very small, 
pale yellow needles, melting at 206°. It is sparingly soluble in 
boiling alcohol, more readily in boiling toluene or glacial acetic 
acid, giving very pale yellow solutions: 


0°1864 gave 0°1771 AgBr. Br=40°43. 
C,,H,O,N.Br, requires Br=40°37 per cent. 
Phthalyl-2 :4-dichlorophenylhydrazide crystallises in pale yellow, 
hair-like prisms, melting at 206°: 
0°2461 gave 0°2307 AgCl. Cl=23'19. 
C,,H,O,N,Cl, requires Cl= 23°10 per cent. 
Phthalyl-2 :4-dibromophenylhydrazide crystallises in pale yellow, 
hair-like prisms, melting at 224°: 
0°2633 gave 0°2503 AgBr. Br=40°45. 
C,,H,O.N,Br, requires Br =40°37 per cent. 
Phthalyl-2-chloro-4-bromophenylhydrazide crystallises in very 
pale yellow, hair-like prisms, melting at 210°: 
0°1650 gave 0°1552 AgCl+AgBr. Cl=10°07; Br=22-70. 
C,,H,O,N.CIBr requires Cl=10°09; Br=22°74 per cent. 


Phthalyl-4-chloro-2-bromophenylhydrazide crystallises in very 
pale yellow hair-like prisms, melting at 211°: 
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0°3721 gave 0°3483 AgCl+AgBr. Cl=10°02; Br=22°59. 
C,,H,O,N,CIBr requires Cl=10°09; Br=22°74 per cent. 

The compounds with halogen in the 2- and 4-positions are very 
much alike in appearance and properties. All are sparingly 
soluble in boiling alcohol, and moderately readily in boiling glacial 
acetic acid or toluene, giving yellow solutions, from which the com- 
pounds separate in slender, hair-like crystals, even when the solu- 
tions are allowed to cool very slowly. The two chlorobromo-com- 
pounds are practically indistinguishable one from the other. 

Phthalyl-2 : 4 : 6-tribromophenylhydrazide.—2 : 4 : 6 - Tribromo- 
phenylhydrazine has been briefly described by Neufeld (Annalen, 
1888, 248, 96). He prepared it in the usual way by diazotising 
the corresponding aniline and reducing the diazonium salt by 
stannous chloride. Both the diazotisation and reduction are, how- 
ever, accompanied by subsidiary reactions, and the’ yield of 
hydrazine is never good. We have found the following method to 
give the best results. 

Very finely powdered 2:4:6-tribromoaniline was slowly added to 
a mixture of about its own weight of concentrated sulphuric acid 
and seven times its weight of glacial acetic acid at a temperature 
of about 10°. The mixture was vigorously stirred, and cooled until 
it began to solidify. It was then diazotised by very slowly adding 
the calculated amount of sodium nitrite dissolved in about eight 
times its weight of water, the temperature being kept between 
3° and 5°. 

The diazotised solution after filtration was allowed to flow in a 
thin stream into a slight excess of stannous chloride dissolved in 
about twice its weight of concentrated hydrochloric acid, and 
strongly cooled by the addition of an equal weight of crushed ice, 
the liquid being vigorously stirred during the addition. The 
hydrochloride of the base, which separates, mixed with a by-pro- 
duct the constitution of which has not been determined, as a 
slightly reddish, finely divided solid, was filtered off after two hours, 
and repeatedly extracted with much boiling water. The extrac- 
tion needs to be many times repeated, as 2:4: 6-tribromophenyl- 
hydrazine hydrochloride is very sparingly soluble, even in boiling 
water. It crystallises from the hot filtrate in colourless plates.* 
A quantity was analysed by decomposing it by a slight excess of 
potassium hydroxide, filtering off the base, and estimating the 
hydrochloric acid in the filtrate by silver nitrate. (Found, 
Cl=9°02. Calc., Cl=9°3 per cent.) 


* The other trihalogen substituted hydrazines, the phthalyl derivatives 
of which are dealt with in this paper, were similarly prepared and will be 


described later. 
DA 
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The base itself is easily obtained by decomposing the hydro- 
chloride by alkali hydroxide. It separates as a white solid, and 
is best crystallised from petroleum (b. p. 70—90°), from which it 
is deposited in long, white needles, melting at 146°, as described 
by Neufeld. 

When exposed to the air it is easily oxidised, nitrogen being 
evolved, and 1:3:5-tribromobenzene being produced. The action 
thus takes the course followed by all other hydrazines (compare 
Chattaway, T., 1907, 91, 1323; 1908, 93, 270). 

When either a solution of the hydrazine or the base itself is 
warmed, the odour of tribromobenzene is always apparent, owing 
to this decomposition. If from a small quantity of a solution of 
the hydrazine in petroleum contained in a test-tube the solvent is 
allowed slowly to evaporate, long crystals of 1:3:5-tribromo 
benzene, 5 cm. or so in length, sublime up the tube. The hydrazine 
is, of course, similarly and very easily oxidised by Fehling’s solu 
tion and alkaline solutions of chromates. 

Phthalyl-2 :4:6-tribromophenylhydr — 


OH. <O0>x- nnd pr, 


>: 
crystallises in pale yellow, short, compact prisms, melting at 205°: 
0°3396 gave 0°4021 AgBr. Br=50°39. 
C,,H;O,N,Br, requires Br=50°49 per cent. 
Phthalyl-2 :4 :6-trichlorophenylhydrazide crystallises in stout, 
almost colourless, prisms, melting at 191°: 
0°2391 gave 0°3013 AgCl. Cl=31'17. 
C,,H,O,N.Cl, requires Cl=31'15 per cent. 
Phthalyl-2 : 6-dichloro-4-bromophenylhydrazide  crystallises in 
pale yellow, compact, rhombic plates, melting at 188°: 
0°1979 gave 0°2393 2AgCl+AgBr. Cl=18°07; Br=20°37. 
C,,H;O,N,Cl,Br requires Cl=18°38; Br=20°71 per cent. 
Phthalyl-2 : 4-dichloro-6-bromophenylhydrazide crystallises in pale 
yellow, short, stout prisms, terminated by pyramids, which melt 
at 193°: 
0°3604 gave 0°4433 2AgCl+AgBr. Cl=18°39; Br=20°72. 
C,,H;O,N,Cl,Br requires Cl=18°38; Br=20°71 per cent. 
Phthalyl-4-chloro-2 : 6-dibromophenylhydrazide — crystallises in 
very pale yellow, compact, short, stout prisms, melting at 217° 
0°2666 gave 0°3218 AgCl+2AgBr. Cl=8-25; Br=37°18. 
C,,H;O,N,CIBr, requires Cl=8°24; Br=37'14 per cent. 
LPhthal yl-6-chloro-2 :4-dibromophenylhydrazide crystallises iu 
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very pale yellow, compact, stout, irregular plates, melting at 195°: 
0°2040 gave 0°2445 AgCl+2AgBr. Cl=819; Br=36°92. 
C,,H,O,N,CIBr, requires Cl=8°24; Br=37'14 per cent. 

All the phthalyl-trihalogen-substituted-phenylhydrazides are 
very sparingly soluble in boiling alcohol, and more readily so in 
boiling glacial acetic acid or toluene, giving yellow solutions. 

Phthalyl-3 :5-dibromo-o-tolylhydrazide, 

Me 
. CO io 
CH <Go>N'NHC Br, 
Be 
crystallises in long, colourless, very slender prisms, melting at 236°. 
It dissolves very sparingly in boiling alcohol, and more readily in 
boiling glacial acetic acid or toluene, giving pale yellow solutions: 
0°2816 gave 0°2576 AgBr. Br=38'93. 
C,,;H,,O,N,Br, requires Br=38°99 per cent. 
Vhthalyl-3 :5-dibromo-p-tolylhydrazide, 
Br 
. COn, ' 
CH<Go>N'NHC Me, 
Br 
crystallises in two polymorphic modifications. It dissolves 
moderately readily in boiling toluene or glacial acetic acid, giving 
a yellow solution. On rapidly cooling the solution, it separates in 
very pale yellow, long needles, which, if left in the acetic acid at 
the ordinary temperature, soon change into pale yellow, com- 
pact crystals, apparently very short, stout prisms. It melts at 
196°: 

0°2215 gave 0°2024 AgBr. Br=38'88., 

C,;H,,O.N.Br. requires Br=38°99 per cent. 
University CHEmicAL LABORATORY, 
OXFORD. [ Received, October 1st, 1915.] 


CLXIX.—The Optical Rotatory Power of Deriwatives 
of Succinie Acid in Aqueous Solutions of 
Inorganic Salts. Part III. 


By Grorce WILLIAM CLOUGH. 


Inorcanic salis exercise a remarkable influence on the rotatory 

powers of malic acid, tartaric acid, and their esters in aqueous 

solution (Stubbs, T., 1911, 99, 2265; Patterson and Anderson 
5A 2 
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T., 1912, 101, 1833; Clough, T., 1914, 105, 49; this vol., p. 96). 
The salts diminish or reverse the dextrorotation of d-tartaric acid 
and its esters, and also diminish or reverse the levorotation of 
l-malic acid and its esters, in aqueous solution. The conclusion 
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I. Aspartic acid in water (p=0-99). 
ll. Aspartic acid in N-hydrochloric acid (p= 7-98). 
III. Aspartic acid in N-sodium hydroxide (2 mols.) (p= 6°00). 
IV. Aspartic acid in N-sodium hydroxide (1 mol.) (p=11-3). 
V. Ethyl hydrogen aspartate in water (p= 6-45). 
VI. Ethyl sodium aspartate in water (p= 3-66). 


was drawn that inorganic salts exert the same specific effect on 
such configuratively similar hydroxy-derivatives of succinic acid 
as contain a carboxyl or carbalkyloxy-group. 

It was therefore desirable that the optical rotatory powers of 
other derivatives of succinic acid should be investigated in a similar 
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manner. Consequently, the rotatory powers of J-aminosuccinic 
acid (l-aspartic acid) and its monoamide (/-asparagine) have been 
determined in aqueous solution and also in aqueous solutions of 
certain inorganic salts. Notwithstanding the different characters 
of the hydroxyl and amino-groups, the influence of the metallic 
haloids on the rotatory powers of aspartic acid and asparagine 
appears to be analogous to that of the same salts on malic and 
tartaric acids in aqueous solution. 

Aspartic acid prepared from ordinary /-asparagine was stated 
by Landolt (Ber., 1880, 13, 2334) and by Becker (Ber., 1881, 14, 
1035) to be levorotatory in aqueous solution, but it was subse- 
quently proved by Piutti (Ber., 1886, 19, 1693), and confirmed by 
Marshall (T., 1896, 69, 1022), that this observation was erroneous, 
and that the acid is, in fact, dextrorotatory in aqueous solution 
at the ordinary temperature. The influence of temperature on 
the rotatory power of aspartic acid was investigated by Cook (Ber., 
1897, 30, 296), who observed that the rotatory power diminished 
with rise of temperature, passing through a zero value at 75° and 
becoming negative above that temperature. The values for [a],, 
however, can hardly be regarded as satisfactory, as they were 
obtained by multiplying [a]; by a constant factor. 

In the present paper are recorded measurements of the rotatory 
power of l-aspartic acid in aqueous solution for the wave-lengths 
sodium-yellow, mercury-green, and mercury-violet. The change in 
optical sign observed by Cook was confirmed, but owing to the 
sparing solubility of the acid in water, and the low specific rota- 
tion in aqueous solution, the values obtained can only be regarded 
as approximate. The rotatory dispersion of aspartic acid in 
aqueous solution is anomalous, a phenomenon to be expected when 
the rotatory power changes in sign. The dissolution of sodium 
chloride or of barium bromide increased the dextrorotation, and, 
moreover, the effect of the latter salt was considerably greater than 
that of the former. These salts thus exhibit the same relative 
effect on the rotatory power of /-aspartic acid as on that of /-malic 
acid. 

Owing to the doubt concerning the constitution of a-amino-acids 
in aqueous solution, determinations of the rotatory power and dis- 
persive power of aspartic acid were made at various temperatures 
in hydrochloric acid and in aqueous sodium hydroxide. The effect 
of varying amounts of hydrogen chloride and sodium hydroxide on 
the rotatory powers of certain amino-acids in aqueous solution has 
been recently examined by Wood (T., 1914, 105, 1988), who found 
that the rotatory power of aspartic acid rises rapidly at first on 
increasing the relative amount of hydrogen chloride to aspartic 
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acid, but that when the molecular ratio reaches a value of about 
1°5 the rotatory power becomes almost constant. That the maxi- 
mum rotation is not reached until excess of hydrochloric acid is 
present is ascribed by Wood to the partial hydrolysis of the hydro- 
chloride in aqueous solution. Wood also investigated the rotatory 
power of aspartic acid in varying amounts of sodium hydroxide, 
and noticed that a maximum levorotation is produced when the 
molecular ratio of base to acid is equal to one, that is to say, when 
the sodium hydrogen salt has been formed. A further increase in 
the relative amount of sodium hydroxide produces a progressive 
diminution of the levorotation until the molecular ratio of base 
to acid has reached a value of between two and three. These 
results obtained by Wood are in agreement with the measurements 
of Andrlik (Zeitsch. Ver. deut. Zuckerind., 1903, 948), who studied 
the influence of varying amounts of several acids and bases on the 
rotatory power of d-glutamic acid. The effect of concentration, 
temperature, and wave-length of the light used on the rotatory 
power of aspartic acid in hydrochloric acid and in aqueous sodium 
hydroxide has now been examined. The values obtained are com- 
pared in table I, whilst the effect of temperature is indicated in 
the temperature-rotation diagram (p. 1510). 


TABLE I. 


The Influence of Hydrogen Chloride, Sodium Hydroxide, Sodium 
Chloride, and Barium Bromide on the Rotatory Power of 
l-Aspartic Acid in Aqueous Solution. 


Solvent. p- 


0-99 

Hydrochloric Acid (0-2N-, 1-5 mols.)... 1-73 
» (N-, 1-5 mols.)...... 7-98 

Aqueous sodium hydroxide (1 mol.) 2-58 
11-30 
m 19-76 
(2 mols.) 1-30 

6-00 

°° ” ” ” 1 1-02 
Aqueous sodium chloride (N) 1-01 
(4N) 0-94 

Aqueous barium bromide (N) 1-05 
1-01 
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The changes in the rotatory values of the alkyl hydrogen 
aspartates with variations of temperature are exactly parallel to 
those of aspartic acid (Piutti and Magli, Gazzetta, 1906, 36, ii, 
738). In aqueous solution, these esters are dextrorotatory at low 
temperatures, but become levorotatory at higher temperatures. 
For the sake of comparison, the temperature-rotation curves for 
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ethyl hydrogen /-aspartate and for sodium ethyl J-aspartate have 
been drawn from the values given by Piutti and Magli. 

The optical rotatory power and dispersive power of /-asparagine 
have also been determined, and the results show a general simi- 
larity to those obtained for /-aspartic acid. Asparagine, unlike 
aspartic acid, is levorotatory in aqueous solution at the ordinary 
temperature. It resembles aspartic acid, however, in that the 
levorotation is increased by raising the temperature, and, more- 
over, it exhibits levorotation in sodium hydroxide and dextrorota- 
tion in hydrochloric acid. Further, it is dextrorotatory in aqueous 
solutions of the inorganic salts employed. It must also be pointed 
out that a rise of temperature changes the rotatory power of 
asparagine and aspartic acid in all the solvents employed in this 
investigation in the same sense. A comparison of the values for 
the specific rotation of asparagine in aqueous solutions of various 
inorganic salts is made in table IT. 


TaBLeE II. 
The Influence of Inorganic Salts on the Rotatory Power of 
1-Asparagine in Aqueous Solution. 
Solvent. ’ [a]®. [a]. 
— 61° 


7 


C 
or 
° 


Aqueous sodium hydroxide 


potassium nitrate (NV) ° + 
potassium iodide (NV) + 
potassium bromide (N) 
potassium chloride (NV) 
sodium chloride (N) 

N 


— 


ammonium chloride (N) 
barium chloride (NV) 
barium bromide (N) 

» _ (4N) 
hydrogen chloride (N) 
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The relative effects of the salts are, for the most part, similar 
to the observations of Stubbs for malic acid, those of Patterson and 
Anderson for ethyl tartrate, and those of the present author for 
tartaric acid. For example, barium salts cause a greater altera- 
tion than the corresponding potassium salts, which in turn possess 
a greater influence than sodium salts. There are, however, a few 
instances in which the relative effects of the salts employed are 
not the same for all the active derivatives of succinic acid that 
have been examined. 

It might be expected that a comprehensive examination of the 
rotatory powers of amino-acids would shed some light on the con- 
stitution of these compounds in solution. It must, however, be 
admitted that the accumulated experimental data regarding the 
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influence of constitution on rotatory power indicate that great 
caution must be exercised in drawing conclusions respecting con- 
stitution from a consideration of optical rotatory power alone. 
The striking similarity between the rotation-temperature curves of 
aspartic acid (CO,H-CH,°CH[NH,]|*CO,H) and of the alkyl 
hydrogen esters (CO,R-CH,-CH[NH,|-CO,H) of Piutti seems to 
prove that the change of rotatory power is not a result of ionisa- 
tion. The chemical character of aspartic acid indicates that the 
hydrogen atom in the carboxyl group in the f-position with respect 
to the amino-group is much more readily ionisable than that in 
the carboxyl group in the a-position with respect to the amino- 
group. Now, the more readily ionisable atom of hydrogen has 
been replaced by alkyl radicles in the esters without appreciably 
modifying the rotatory power or the influence of temperature on 
the rotatory values. As a matter of fact, Piutti and Magli (loc. 
cit.) ascribed the change in the optical sign of their acid esters, 
caused by elevation of temperature, to the ionisation of the esters 
in aqueous solution. Such ionisation, however, could only occur 
to a very small extent in the case of these amphoteric compounds. 
It is generally conceded that an a-amino-acid may exist in aqueous 
solution in one or more of the non-ionised forms: * 


R R R 
! ! | 
CH-NH, CH-NH,-0H CH-NH, . 
! ! ! | 
CO,H CO,H CO-O 


It might therefore be supposed that the change in rotatory power 
of aspartic acid with rise of temperature is due to an alteration in 
the equilibrium of these forms in aqueous solution, but the data 
available from the polarimetric examination of the alkyl hydrogen 
aspartates and their sodium salts (Piutti and Magli, Joc. cit.), and 
those embodied in the present paper for aspartic acid and aspara- 
gine, cannot be advanced in support of this suggestion. In a 
former paper (Part I), the view was adopted that the variations 
in the rotatory power of tartaric acid and its esters which accom- 
pany alterations of temperature, concentration, and solvent are 
not due merely to a change in the asymmetry of the molecules, but 
are more readily explained by Arndtsen’s hypothesis, revived by 
Armstrong and Walker, that d-tartaric acid in aqueous solution 


* Aspartic acid, however, is also a 8-amino-acid, and the structure 
CO.H 
CH-NH, 
CH, | 
CO-O 
also appears possible if not probable. 
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consists of two forms, one of which is dextrorotatory and the other 
levorotatory. The close resemblance of malic acid to tartaric acid 
makes it certain that any explanation must be equally applicable 
to both of these acids, as well as to their esters. The changes in 
rotatory power of asparagine and aspartic acid are in many respects 
analogous to those of malic and tartaric acids. The widely 
different characters of the basic amino- and acid carboxylic groups 
render the view that the variations of rotatory power are caused 
by constitutional changes more feasible in connexion with the 
amino-acids than with the hydroxy-acids. It appears, however, 
probable that the phenomena are produced by similar causes in 
both classes of compounds, and it is evident that formulations akin 
to those already advanced for the hydroxy-derivatives may also be 
made for the amino-compounds. 

It is of interest here to notice that Noyes and Potter have 
recently drawn conclusions regarding the structure of certain 
amino-acids derived from camphor from a study of the rotatory 
powers of these compounds and their derivatives (J. Amer. Chem. 
Soc., 1915, 37, 189). These authors believe that those amino- 
acids capable of forming cyclic salts containing a ring of six atoms 


form salts of the type Ry DO in aqueous solution, whereas 
3 


those which would produce a ring of seven atoms in forming a 
cyclic salt possess in aqueous solution the open structure 
NH,°R:CO,H. When, however, it is borne in mind that the rota- 
tory powers of compounds of comparatively simple constitution are 
frequently very susceptible to the influence of temperature, solvent, 
and concentration, it becomes evident that great. confidence cannot 
be placed in deductions based on observations of the specific rota- 
tions of complex compounds containing two centres of asymmetry 
made at one temperature, at a single concentration, and for light 
of one wave-length only. 

The influence of inorganic neutral salts on the rotatory powers 
of asparagine and aspartic acid in aqueous solution is of particular 
interest, and it appears very probable that the pronounced effect 
of the salts is due to their combination with the amino-acids in 
solution. Many compounds of amino-acids, such as glycine and 
alanine with inorganic salts (lithium, sodium, calcium, and barium 
haloids), have actually been isolated by Pfeiffer and Modelski 
(Zeitsch. physiol. Chem., 1912, 81, 329; 1913, 85, 1), and these 
authors also deduced, from determinations of solubility, that the 
compounds existed in aqueous solution. They assumed that the 
amino-acids exert both their basic and acidic functions in com- 
bining with the neutral salts, thus forming compounds of the types 
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Me’O-CO-R:NH;X or Me” <0.00-R-NE'X” which were termed 
“amphi” salts. Pfeiffer and Wittka (Ber., 1915, 48, 1289) have, 
however, quite recently described a series of compounds of 
sarcosine and betaine with neutral salts of the alkali and alkaline- 
earth metals, some of which it is impossible to formulate as 
“amphi” salts. Moreover, compounds of inorganic salts with 
glycine anhydride have been prepared, as well as a compound of 
calcium chloride with copper glycine. Pfeiffer and Wittka have 
therefore abandoned the “amphi” salt theory, and regard all of 
these compounds as “ molecular” compounds in which the metallic 
atom of the inorganic salt is co-ordinated with an oxygen atom of 
the carbonyl group of the organic component, thus: 


CILi,..0:0-CH,"NH, Cl,Ca(...0:C-CH,"NH;) 
—o— L.g} = 


Although no compounds of asparagine and aspartic acid with 
neutral inorganic salts have as yet been isolated, it seems probable 
that combination of these amino-acids with the salts occurs in 
solution, and thus produces the changes of rotatory power that 
have been observed. More of the compound would be present the 
greater the concentration of the inorganic salt in solution, and it 
is observed that the dextrorotation increases with the concentra- 
tion of the salt solution. Even in the case of hydrochloric acid, 
Wood showed that the maximum rotation was not reached until 
15 molecules of hydrogen chloride were present. 

The influence of salts on the rotation of the hydroxy-derivatives 
of succinic acid, it may be recalled, is very similar to that of the 
salts on the amino-acids. The suggestion previously made was that 
the presence of the salts influenced the equilibrium of the hypo- 
thetical levorotatory and dextrorotatory forms of d-tartaric acid 
and its esters. The general similarity in the effect of the salts on 
the optical rotatory powers of the amino- and hydroxy-compounds, 
however, seems to show that the cause is similar in both classes of 
compounds. No compounds of tartaric acid, malic acid, or their 
esters with inorganic salts have yet been isolated, but it is of 
interest to note that a compound of calcium chloride with the 
hydroxy-ester, ethyl lactate, has been described (Strecker, Annalen, 
1854, 91, 355; Schreiner, ibid., 1879, 197, 12). The present 
author therefore believes that the changes in rotatory power pro- 
duced by inorganic salts on aqueous solutions of the amino- and 
hydroxy-derivatives of succinic acid are not due to physical altera- 
tions in the molecules of the active compounds, as suggested by 
Stubbs (/oc. cit.) and by Patterson and Anderson (/oc. cit.), but 
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are to be ascribed to causes of a more decidedly chemical character 
—probably a combination of the compounds in solution. 

This investigation was undertaken with the view of ascertaining 
whether regularities could be discovered between the effects of 
suitable solvents on rotatory power and the relative configurations 
of similarly constituted optically active compounds, The influence 
of sodium and barium haloids has been found to be of the same 
character on the configuratively related compounds—¢-tartaric 
acid, d-malic acid, methyl and ethyl d-tartrates, ethyl hydrogen 
d-tartrate, and methyl d-malate (Parts I and II). Moreover, the 
effect of these salts is the same in character on the configuratively 
similar compounds J-asparagine and J-aspartic acid, but the effect 
on these compounds is in the opposite sense to that on the above 
d-hydroxy-compounds. Thus, /-malic acid in dilute aqueous solu- 
tion is levorotatory, and the levorotation is enhanced by rise of 
temperature, whilst in concentrated solution /-malic acid is dextro- 
rotatory, but becomes levorotatory on heating the solution. The 
dissolution of salts either diminishes the levorotation or increases 
the dextrorotation of /-malic acid. Similarly, /-aspartic acid, which 
is dextrorotatory in aqueous solution, becomes levorotatory on 
raising the temperature ; the dissolution of inorganic salts increases 
the dextrorotation (or diminishes the levorotation at higher 
temperatures). In the light of these observed regularities, it 
appears highly probable that J-aspartic acid and J/-asparagine 
possess the same relative configurations as /-malic acid, and that 
the conversion of /-asparagine into /-malic acid by the agency of 
nitrous acid is unaccompanied by a Walden inversion. 


EXxPERIMENTAL. 


Aspartic Acid in Water. 
p=0°990. 
t. d. a, (l=4). Agr Qyi- 
14° 1-004 + 0-20 +0-28 -+-0-60 
35° 0-996 0-10 0-20 0-50 
o- 0-992 0-05 0-12 0-36 


p=1°961. 


48° 1-000 
68° 0-986 
78° 0-980 
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Aspartic Acid in Hydrochloric Acid. 
Hydrochloric acid (0°24, 1°5 mols.). 
p=1.730, d” 1-007, a® (L=4) + 1-63, [aj -{-23-4. 


Hydrochloric acid (V, 1°5 mols); p=7°984. 


t. d. a, (l=3). Ggr- Avie , [a].r. 
12° 1-051 -+ 6-60 +7-91 -+16-80 - 26°: 31-4 
20° =1-048 6-40 7-65 16-20 25-é 30-5 
44° 1-039 5-70 6-91 14-70 . 27-8 
25° 5 29-9 


Aspartic Acid in Aqueous Sodium Hydroxide. 


Sodium hydroxide (0°2N, 1 mol.); p=2°584. 


t. d. a, (l=3). Gere 
18° 1-016 —1-24 —1-43 
25° 1-014 1-35 1-52 
46° 1-008 1-63 1-80 


Sodium hydroxide (NV, 1 mol.); p=11° 
12° 1-082 —1-30(/=3) —1-43 ° 
23° =—«1-077 2-07 2-32 
40° 1-070 3-22 3°75 
25° 
Sodium hydroxide (2, 1 mol); p=19°76. 
12° 15146 41-50 (1=2) +214 +4613 +33 
34° 1140 —0-52 — 0-26 +0-73 —1-2 
58° 1-125 —2-22 — 2-37 — 3-02 — 5-0 
25° +0-5 
Sodium hydroxide (0°21, 2 mols.); p=1°303. 
1-007 —0-27(J=3) —0-19 -—006 —69 


Sodium hydroxide (JN, 2 mols.) ; p=6°00. 
17° 1-053 —0-50 (l=4) —0-42 +-0-73 
24° 1-051 —0-58 — 0-52 + 0-52 
54° 1041 —0-95 —0-90 —0-70 
25° 

Sodium hydroxide (2, 2 mols.); p=11°02. 
25° 1-100 —034(l=4) —0-15 +210 —0-7 


Aspartic Acid in Aqueous Sodium Chloride. 


Sodium chloride (VY); p=1°011. 


t. d. @ (l=3). Qgr Gvi- [a]o. [a]er- 
25° 1-041 +0-30 +040 +9-90 +9-5 +12-7 


Sodium chloride (4); p=0°944. 
1-150 -+0-60 +070 +156 +184 
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Aspartic Acid in Aqueous Barium Bromide. 


Barium bromide (V); p=1°047. 
t. d. a, (l=3). Ayre Qyi- [a]>- [aor [a]vi- 
25° 1:066 -+0-46 +0-56 +113 +13-7 +-16-7 +33-7 
Barium bromide (4); p=1°007. 
25° 1:500 -+0-96 +1-15 +2-28 +21: -+- 25-4 -+- 50-3 


Asparagine in Water. 
p=1°961. 
34° 1-001 -—0-53(l=4) —0-5! 
40° 0-999 0-60 6 
60° 0-994 0-82 
25° —_— — 


50° -- 


7407. 


1-014 
1-006 
1-020 


J . . . af 
tooo ate 


Asparagine in Hydrochloric Acid. 


Hydrochloric acid (V, 1°5 mols.) ; ~=8'942. 


14° 1-045 48-19 (J=3) 49-90 420-79 -+-29-2 
24° 1-042 = 7-84 9-44 19-66 28-0 
34° 1-038 7-39 8-94 18:86 26-6 
46° 1-033 6-99 846 17-41 25-2 
2°0C jn oo sin 27-9 


Asparagine in Aqueous Sodium Hydroxide. 


Sodium hydroxide (NV, 1 mol.); p==12°44. 
25° 1-062 —3-50(l=3) —3-96 -—785 -—88 -—100 —199 


The author thanks the Research Grant Committee of the 
Chemical Society for a grant in aid of this investigation. 
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CLXX.—E#lectromotive Forces in Alcohol. Part VII. 
Concentration Cells with Calomel Electrodes. 


By Epcar Newserry. 


Tue work described in Parts V and VI of this series has shown: 
(1) that absolute potentials* cannot be determined in alcoholic 
solutions by the dropping electrode, and (2) that there is reason 
to believe that the results given by the capillary electrometer in 
similar solutions are trustworthy. 

In order to justify these conclusions, it is necessary to show that 
the measured values of the absolute potentials agree among them- 
selves when compared with values calculated theoretically or 
measured directly by concentration cells, and also that those values 
which are taken as standard agree within the limits of experi 
mental error with the best results obtained by other workers. 

A series of experiments was therefore carried out with concen- 
tration cells in which the potentials of mercury in the aqueous 
and alcoholic solutions of sodium chloride which were employed 
in the previous work were directly compared with each other, and 
the results thus obtained were corrected for boundary potential by 
the application of Nernst’s or Henderson’s equation. 


EXPERIMENTAL. 
(a) Concentration Cells with Aqueous Solutions. 


Solutions of pure, dry sodium chloride in freshly prepared con- 
ductivity water (#=1'5x10-® mho.) were made up of three con- 
centrations—saturated at 25°, normal, and tenth-normal, and 
concentration cells with calomel electrodes were made up with 
these solutions. Both the mercury and the calomel were carefully 
purified before use. 

The type of cell used was that described by Lapworth and 
Partington (T., 1911, 99, 1421). 

These cells were placed in a thermostat at 25+0°05°, and the 
#.M.F. was measured every day for fourteen days. Each cell was 
re-made six times, and discarded if showing too great variation. 
The liquids were allowed to come into contact only for the few 
seconds during which a measurement was being taken. H.M.F.’s 
were measured by means of an accurately calibrated metre 

* Throughout this paper the expression “absolute potential” of an 
electrode is taken to mean the single potential difference between that 
electrode and the surrounding liquid, and “absolute Z.M.F.” of a cell to 
mean the potential difference between the two clectrodes of the cell, 
boundary potential being climinated. 
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potentiometer, a Weston cadmium cell being used as standard after 
it had been compared with two other standard cells by different 
makers and found to agree very closely. A sensitive capillary 
electrometer was used as null instrument. 

In each case, the concentration cell was placed first in series 
with, and then in opposition to, the standard cell, half the differ- 
ence between the two measurements thus giving the /.M/./. of 
the concentration cell, 

The results obtained were as follows: 

i. Cell: 

Hg, Hg,Cl,.NaCl(saturated) | NaCi{¥),Hg,Cl,,Hg 
> 

The arrow shows the direction of the current inside the cell. 
Number of observations= 20. 

Extreme values of 2.M.F. observed =0°0408--0°0419 volt. 

Mean E.M.F.=0°0413 volt. 


ii. Cell: 
Hg, Hg,Cl,, NaCl(saturated ) NaCi(¥/10), Hg,Cl,, Hg 
—> 


Number of observations = 20. 
Extreme values of 2.M.F. observed = 0°0828-—0°0835 volt. 


Mean E.M.F.=0°0831 volt. 


(b) Concentration Cells with Alcoholic Solutions. 


Commercial absolute alcohol was dried by heating and distilling 
with metallic calcium, and purified from traces of ammonia by 
redistilling after addition of a very slight excess of alcoholic hydro- 
chloric acid, as described by Lapworth and Partington (T., 1910, 
97, 24). This was saturated with pure, freshly ignited sodium 
chloride at 25° by shaking in a thermostat, three days’ treatment 
being found sufficient. 

The concentration of the resulting solution was determined both 
by titration with W/100-silver nitrate solution and also by 
evaporating and weighing directly, the mean of several closely 
agreeing results showing a concentration of 0°00935N for the 
saturated solution. Portions of this solution were diluted with 
pure alcohol to obtain solutions 0°004N and 0°002N at 25°. 

Measurements of 2.M.F. of concentration cells with calomel 
electrodes in the above solutions were made as with aqueous solu- 
tions, but readings for the first three days were ignored in all cases, 
as these cells appear to require longer to attain a constant potential 
than those containing aqueous solutions. 

As the specific resistance of a saturated alcoholic solution of 
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sodium chloride is about one thousand times that of the saturated 
aqueous solution, accurate measurements are much more difficult 
to obtain. 

The results were as follows: 

i. Cell: 

Hg,Hg,Cl,,NaCl(saturated) | NaCl(0-004.),Hg,Cl,, Hg 
an 

Number of observations= 20. 

Extreme values of 7.M.F. observed =0°0160—0'0169 volt. 

Mean E.M.F.=0°0163 volt. 

ii Cell: 

Hg,Hg,Cl,,NaCl(saturated) | NaCl(0-002),Hg,Cl,,Hg 
<> 

Number of observations = 20. 

Extreme values of #.M.F. observed = 0°0280—0°0312 volt. 

Mean E.M.F.=0°0293 volt. 

The following table shows the results obtained in the previous 
experiments compared with those calculated by Nernst’s equation 
from the known conductivities of aqueous and alcoholic solutions 
of sodium chloride: 

Aqueous Solutions. 


Calculated. Observed. 
0-0196 volt 0-0413 volt 
Cell ii 0-0577 ,, 0-0831 ,, 


Alcoholic Solutions. 
Calculated. Observed. 
0-0169 volt 0-0163 volt 
Cell ii 0-0293 _ ,, 0-0293 ,, 

It will be seen that the observed values with the highly dilute 
alcoholic solutions used are in very good agreement with the calcu- 
lated values. This agreement is satisfactory as showing that the 
potential of the calomel electrode in alcoholic sodium chloride 
solutions varies according to the same laws which govern the varia- 
tion in dilute aqueous solutions. 

On the other hand, the values obtained with the aqueous solu- 
tions employed do not agree with those calculated by Nernst’s 
equation, as would be expected from the well-known fact that this 
equation does not hold in the case of very concentrated solutions. 


(c) Concentration Cells with Aqueous and Alcoholic Solutions 
Together. 


Several cells were made up containing calomel electrodes in 
saturated aqueous against saturated alcoholic solutions of sodium 
chloride, but concordant results could not be obtained, owing to 
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the rapid diffusion, and consequent precipitation, of sodium 
chloride at the boundary of the two solutions. The observed 
E.M.F. varied from 0°01 volt to 0°08 volt, the lowest values being 
obtained when the liquids were first brought into contact. It 
appears that the true 2.M.F. at the instant of contact, before any 
appreciable diffusion has taken place, is very small; but these low 
values are very difficult to obtain, as in some cases the 7.M.F. rose 
to 15 millivolts in ten seconds. The current flowed from aqueous 
to alcoholic solution inside the cell. 

This result is important, as showing the futility of attempting to 
compare potentials in different solvents by direct measurement on 
the speculative assumption that boundary potentials are negligible. 

In another part of this paper it is shown that it is more than 
probable that the whole of the #.M.F. of the above cell is due 
to boundary potential. Hence it is conceivable that in attempt- 
ing such a comparison of potentials, the error involved, due to 
boundary potential, may be many times as great as the total 
potential difference it is desired to measure. 

Considerations of this kind led to the adoption of the method 
of absolute potentials as the only feasible one for the present 
work, 


(d) Concentration Cells with Aqueous Solutions of Potassium 


and Sodium Chlorides. 


The following cell was constructed : 


Hg,Hg,Cl,,NaCl(W/10) | KCl(¥/10),Hg,Cl,,Hg 
> 
The #.M.F. was so small that it was very difficult to measure, 
but appeared to be about 2 millivolts. We may therefore con- 
clude that the absolute potentials of mercury in decinormal solu- 
tions of potassium and sddium chlorides are identical within the 
limits of experimental error. 


Boundary Potentials. 


In order to compare the results obtained by means of the con- 
centration cells with those calculated from absolute potential 
measurements, it is necessary to determine the boundary potentials. 

The conductivities of the aqueous solutions used were carefully 
determined at 25° by the telephone and induction-coil method. 
The mean of six measurements with each gave the following: 

Solution of sodium chloride saturated at 25, 0°2505 mho. 
. a 00852 _—Cé,, 
NV/10 , 00105, 
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The boundary potentials were then calculated from the equation 


Ky 
’ 


Ey=(1-2n,)—7 In 


Ky 
where nm, is the transport number of the anion at the given 
temperature and concentration, and x the specific conductivity. 

By this method, the values —0°0095 volt and —0°020 volt were 
obtained for the boundary potentials of the cells (a)i. and (a) ii. 
respectively. 

The following table shows the absolute potential of mercury in 
various solutions as measured by (a) the dropping electrode, 
using sodium cyanide for producing the null solution; (+) the 
same method, using sodium sulphide in place of cyanide; and (c) 


the capillary electrometer method : 

(a) (6) (c) 
Volt. Volt. Volt. 
0-579 0-535 0-584 
9 ” ” (N) —— 0-552 0-534 
” ” ” eee > 0-595 0-483 
alcohol 0°331 0-329 0-485 


9 °° 


Potassium chloride, aqueous (N/10) 0-582 0-572 0-583 


The first point to be observed from this table is that the figures 
for V/10-aqueous solutions of sodium and potassium chlorides in 
columns (a) and (c) are almost identical. It has already been 
shown in Part V (T., 1914, 105, 2561) that the values obtained 
for V/10-potassium chloride (aqueous) solution agree closely with 
those obtained by Palmaer by means of the dropping electrode, 
and by Smith by means of the capillary electrometer. 

Comparing this with the result shown in (d) of the previous 
section, it is evident that the true absolute potential of mercury 
in V/10-sodium chloride solution is very nearly 0°583 volt. 

The discrepancies observed between-the figures in column (/)) 
and those in (a) and (c) have already been referred to in Part V 
(loc. cit.). These are still more clearly shown in the following 
table, where differences of absolute pétential at 25° between 
mercury in various solutions are shown. Column A shows the 
differences measured directly by means of concentration cells and 
corrected for boundary potential, B calculated from results (b) 
above, and C calculated from results (c) above: 


A, B. C. 
Volt. Volt. Volt. 


Sodium chloride saturated/N............... 0-051 -0-043 0-051 
9 +B] ” / 0-103 — 0-060 0-101 
normal/N/10 0-053 -0-017 0-050 

saturated aqueous/ 
saturated alcoholic (<0-01) -0-266 0-002 


Of these figures, those in column A must be taken as standard, 
since they are the result of direct measurement, the error intro- 
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duced by some uncertainty in calculating boundary potentials 
being small. The values given in column B may therefore be set 
down as unquestionably wrong, while those in column C show a 
very satisfactory agreement with the standard. 

We are therefore justified in concluding that the values given 
by the capillary electrometer are trustworthy, and in particular 
that the absolute potentials of mercury in saturated solutions of 
sodium chloride in water and in alcohol at 25° are almost identical, 
and equal to 0°483 volt nearly. 


Calculation of the Absolute Potential of the Decinormal 


Hydrogen Electrode in Alcohol. 
Volt 

The absolute potential of mercury in saturated sodium 

chloride solution (aqueous) =0°483 
The same in alcoholic solution .... 
Calculated from measurements with N/10 solutions and 

concentration cell results .................ccescceceeseeseeees we =0°481 
Calculated in same way from measurements with N- 

solutions =0°483 


Average = 0°483 volt at 25°. 


In Part IV of this series (T., 1914, 105, 2304), the 2.1/.F. 
- the alcoholic cell, 


Hyg,Hg,Cl,,NaC (saturated) HCl(0-014),U, 
én 


at 25° was shown to be 0°253 volt. 

In the same paper, it was shown that the boundary potential 
of the above cell is 0°019 volt in the same direction as the main 
E.M.F. 

Hence the absolute #.M.F. of the cell is 

0°253 —0°019 volt =0°234 volt. 

Since the absolute potential of the calomel electrode in saturated 
alcoholic sodium chloride solution is 0°483 volt, the absolute poten- 
tial of the V/100-hydrogen electrode in alcohol at 25° is 

0°483 —0°234 volt=0°249 volt. 

The molecular conductivities of alcoholic hydrochloric acid, 
V/10 and V/100, are 34 and 48 respectively at 25°. 

Hence the absolute potential of the V/10-hydrogen electrode in 
dry alcohol at 25° is 

0°249 + 0°059 log 340/48 = 0-299 volt. 


Summary of the Main Points Developed in the Papers of this 
Series, Parts I—VII. 


(1) The transport numbers of most ions other than hydrion are 
the same in alcohol as in water. 
VOL, CVIL 5 B 
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(2) The transport number of chloridion in alcoholic solution of 
hydrochloric acid is about 0°30 as compared with 0°16 in aqueous 
solution. 

(3) In highly dilute, moist alcoholic solutions of hydrochloric 
acid, the equation 


holds, where P is the availability of the acid in the given solution, 
P, the availability in anhydrous solution, w the concentration of 
water in gram-molecules per litre, and r the water value of the 
alcohol at the temperature referred to. 

The value of r at 25° has been estimated by various methods, 
and has been shown to be about 0°09 when w lies below 1°0. 

(4) The addition of very small quantities of water to one side 
of a concentration cell containing dry alcoholic solutions has a 
very marked effect on the #.M.F. of the cell. 

(5) The calomel electrode is unsatisfactory in acid alcoholic 
solutions, but gives trustworthy results in alcoholic solutions of 
sodium chloride. 

(6) The dropping electrode can only be used with dilute aqueous 
solutions of certain salts. It is untrustworthy in concentrated 
aqueous solutions, in the presence of an alkaline sulphide, or in 
alcoholic solutions. 

(7) The capillary electrometer gives trustworthy values for the 
absolute potential of mercury in concentrated aqueous and in 
alcoholic solutions. 

(8) The absolute potential of mercury in a saturated solution 
of a salt in any solvent is independent of the nature of the solvent 
provided that the ions present have all the same affinity for that 
solvent. 

(9) The absolute potential of the W/10-hydrogen electrode in 
dry alcoholic hydrochloric acid at 25° is 0°299 volt. 


In conclusion, the author desires to express his gratitude to 
Prof. Lapworth for his interest and encouragement during the 
progress of the research. ' 


CHEMICAL LABORATORIES, 
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CLXXI.—Vapour-pressure Investigations of the Fusion 
Products of Iodine with Sulphur, Selenium, and 


Tellurium. 
By Rosert WRIGHT. 


Tue fusion of iodine with sulphur or its kindred elements, selenium 
and tellurium, was formerly supposed to result in the formation 
of a compound having the formula XI,. Examination of the freez- 
ing-point curves for mixtures of these substances has, however, at 
least in the cases of selenium and sulphur, thrown considerable 
doubt on the existence of such compounds (Smith and Carson, 
Zeitsch. physikal. Chem., 1907, 61, 200; Ephraim, Zettsch. anorg. 
Chem., 1908, 58, 338), and the fusion products are now regarded 
as being either simple mixtures or else solid solutions. 

The object of the present investigation was the examination of 
the vapour pressures of these fusion products and their comparison 
with that of pure iodine. Such an investigation should be of con- 
siderable value in determining the nature of the fused mass. In 
a mixture, the vapour pressure of the volatile component, iodine, 
will be the same as that of the pure substance; on the other hand, 
a solid solution should give a vapour pressure varying with its 
composition, whilst a true compound, provided there is no excess 
of free iodine, should, if stable, show no iodine vapour pressure, 
or if unstable it should behave in a manner similar to hydrated 
salts as regards their aqueous vapour pressure, in that its decom- 
position pressure should remain of constant value so long as any 
of the compound existed undecomposed. 

The method of vapour-pressure measurement employed was that 
due to Ostwald, wherein the amount of substance necessary to 
saturate a given volume of air is measured, and the vapour pressure 
calculated from the data so obtained. This method has been 
applied to the investigation of solid solutions of camphor and 
borneol (Vanstone, T., 1910, 97, 429), and of naphthol in naphtha- 
lene (Perman and Davies, T., 1907, 91, 1114). In the present 
investigation, owing to the high chemical activity of iodine vapour, 
it is essential that all mercury seals, lubricated taps, and rubber 
connexions should be avoided in the apparatus employed. These 
conditions have been provided for in the apparatus shown in the 
accompanying sketch, where the only rubber connexion used is con- 
siderably removed from the neighbourhool of the iodine vapour. 

A glass tube of about 10 mm. bore and 70 to 80 cm. long is 
surrounded by a vapour heating-jacket of the form shown. Two 
corks, the lower one preferably of rubber protected from the heat- 

5 B2 
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ing liquid by a layer of mercury, hold the tube in position in the 
jacket. The end of the tube which passes through the lower cork 
is slightly constricted, and then joined to a short length of 
narrower tubing; the latter passes through a well-fitting rubber 
stopper into a filter flask containing 50 to 100 c.c. of a solution 
of potassium iodide; the end of the tube should dip just below the 
surface of the liquid. An aspirator of about 8 litres’ capacity 
is connected to the filter flask, and a manometer 
is fitted to the aspirator in order to indicate 
the pressure of air inside the vessel; neither 
aspirator nor manometer is shown in the figure. 
A piece of thin-walled glass tube, 40 to 50 cm. 
long and 7 mm. in diameter, is placed inside the 
jacketed tube and joined to the upper end of 
the latter by means of a short piece of rubber 
tubing. The end of the thin-walled tube inside 
the apparatus is closed with a loosely fitting 
plug of glass wool, and a length of about 25 cm. 
of the tube above the wool is filled with broken 
fragments of the fusion product under investi- 
gation, tight packing being avoided. A deli- 
cate thermometer, reading to 0°1°, is suspended 
from the upper cork inside the vapour jacket, 
and the upper tube of the jacket is connected 
with a reflux condenser. 

The fused mixtures were prepared by sealing 
up definite weighed quantities of the two sub- 
stances in a test-tube, and then heating on an 
oil-bath to a temperature of about 180°. The 
molten mixture, after being well shaken, was 
allowed to cool, when the tube was opened, the 
fused mass broken up, and packed into the 
inner, thin-walled tube. 

In carrying out a determination, the liquid 
in the heating jacket is gently boiled until the 
temperature indicated by the thermometer is 
steady. The filter flask and aspirator being in 
position, the inner tube, containing the substance to be investi- 
gated, is placed in the apparatus, air-tight connexion being made by 
means of the rubber junction. A soda-lime tube is now connected 
to the upper end of the inner tube, so that the air may be purified 
before being drawn through the apparatus. About five minute 
after the inner tube has been placed in position, the tap of the aspi- 
rator is opened, and the water allowed to flow into a measuring vessel 
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ata rate of about 500 c.c. per hour. The quantity of air aspirated 
will depend on the temperature of the heating-jacket; at tempera- 
tures above 80°, one to one and a-half litres will be sufficient, but if 
acetone, or any similar liquid of low boiling point, is used as heat- 
ing agent, two or three litres will be required. The iodine carried 
over by the heated air is, for the most part, deposited on the cooler 
portions of the jacketed tube, the last traces being stopped by the 
potassium iodide solution. When a sufficient quantity of air has 
been drawn through, the aspirator tap is closed, the temperature 
and pressure of the air in the aspirator noted, and the barometric 
height read. The aspirator is now disconnected, the burner used 
to heat the vapour jacket extinguished, and the inner tube re- 
moved from the apparatus. The condensed iodine is next washed 
out of the jacketed tube by forcing the potassium iodide solution 
into it out of the filter flask, and the tube is then rinsed out with 
distilled water. The filter flask containing the iodine solution is 
removed, and the iodine estimated by means of V/10-sodium thio- 
sulphate. The jacketed tube may now be readily dried, and so 
prepared for a second determination, by heating it with the vapour 
jacket and drawing a rapid stream of air through it. 

The vapour pressure may now be calculated. The atmospheric 
pressure is balanced by the vapour pressure of the iodine and the 
air inside the heated tube; hence, according to the law of partial 
pressures, we have: 

Vapour pressure of iodine Volume of iodine vapour 
—— ‘Total pressure _ Yotal volume, = 


Le 


— 


atmospheric pressure in mm. 

vapour pressure of iodine. 

pressure of air in aspirator, corrected for pressure of water vapour. 
= B—(m/p+ vapour pressure of water at ¢.) 

absolute temperature of air in aspirator. 

volume of air in aspirator in litres. 

same volume corrected to N.T.P, 

specific volume of iodine vapour in litres = 22°4/mol. wt. = 0-08823. 
weight of iodine obtained. 

manometer reading in mm. of water. 

density of mercury. 


Bub 
| 


ss xy 


| | 


wv 
— Tr J 
V+ wv 


Vp 273 
760e ’ 


Vo 
therefore 
Pe wet B 760 
273pV + wet 760" 
The results obtained are given in the following table, where 
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percentage of solute represents the weight of foreign substance in 
100 grams of iodine, 7 is the temperature of the vapour jacket, 
P the vapour pressure found, and P’ the vapour pressure calcu- 
lated by logarithmic interpolation from the results of Ramsay and 
Young: 


Percentage 


of 

Substance, solute. B. p- t. w. w. ~~ Fi | a of 
eee — 750 7256 290 1:445 0°9449 130 99°6 45°2 44:2 
, ree — 747 729'7 289 1°310 O°8560 50 99°5 445 43:7 
I and Te 8:9 765 74971 291 0-955 06795 10 1002 484 45-4 
I and Te 73 764 7476 291 0°755 05270 10 100'1 46°5 45°0 
Iodine ...... — 759 743°9 290 1-120 02349 10 798 149 14-9 
IT and Se...... 4°5 770 751°7 293 0-720 01333 10 784 413°4 #13°8 
ef | eee 46 759 7428 291 1:070 02197 10 798 14:7 149 
T and Se...... 56°0 767 745°0 296 3°250 O°1511 20 563 3.45 — 
fy | ae 44-0 761 745°0 290 2-980 01397 20 561 340 * 


* Baxter, Hickey, and Holmes give 3°084 as the vapour pressure of 
iodine at 55° (J. Amer. Chem. Soc., 1907, 29, 127). 


There is considerable doubt as to what is the exact vapour 
pressure of iodine at any given temperature. Thus, interpolating 
from Ramsay and Young’s results, the vapour pressure in the 
neighbourhood of 100° is about 45°2 mm., whilst Stelzmer and 
Niederschulte give 47°5 as the pressure at that temperature. It 
therefore would seem to be more desirable to compare the results 
of the present investigation among themselves rather than with 
those obtained by other workers; this is the more allowable, as all 
conclusions are based on the relative lowering of the - vapour 
pressure, and not on its absolute measurement. 

Consideration of the results tabulated will show that there is no 
lowering of the vapour pressure with any of the three substances, 
even when the concentrations used are excessive. It is therefore 
to be concluded that in no case is a solid solution formed. With 
regard to the formation of compounds, none exists in the cases of 
selenium or sulphur, for if the fused mass, obtained by heating 
either substance with iodine, is exposed at 80° to the prolonged 
action of a current of air, all the volatile iodine is removed, and 
pure selenium or sulphur alone remains. Moreover, as will be seen 
from the table, when the sulphur or selenium is present in excess 
of that required by the formula XI, (so that on the formation of 
a compound no free iodine would exist), the vapour pressure of 
the fused mass is still the same as that of pure iodine. A com- 
pound is, however, formed between tellurium and iodine, for by 
taking the tellurium in excess, a black product is obtained, which 
does not give off iodine vapour, at least at temperatures below 
150°. 

The composition of the tellurium—iodine compound was ascer- 
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tained by fusing the tellurium with a slight excess of iodine, and 
then expelling this excess by means of a current of air heated to 
100°. For this purpose, the powdered fusion product was placed 
in a glass tube loosely packed with glass wool, the tube being 
weighed before and after the removal of the iodine. Two estima- 
tions were made with the same product, 10°5250 grams of which 
contained 0°8670 gram of tellurium: 
(1) 0°2590 gram of the mixture, containing 0°02134 gram of 
tellurium, gave 0°1070 gram of tellurium-iodine com- 
pound. 


Therefore 


weight of Te compound _ 10700 _ 5-0 
weight of Te 3134 C—O ' 


(2) 0°3030 gram of the mixture, containing 0°02497 gram of 
tellurium, gave 0°1280 gram of compound. 
Again, 


weight of Tecompound = 1289 _ 51 
weight ot Le — 


Both of these results are practically identical with the ratio 
TeI,:Te, and it may therefore be deduced that the fusion of 
tellurium with iodine results in the formation of tellurium tetra- 
iodide. 


Conclusions. 


(1) The fusion of iodine with sulphur, selenium, or tellurium in 
no case gives rise to the formation of a solid solution. 

(2) No compounds are formed by the fusion of sulphur or 
selenium with iodine. 

(3) Tellurium, on fusion with iodine, produces a compound 
having a composition agreeing with the formula Tel,. 


PuysiIcaL CHEMISTRY LABORATORY, 
Guiascow UNIVERSITY. [ Received, Sept, 22nd, 1915.] 


CLXXII.—Eaperiments on the Corrosion of 
Molybdenum Steel. 


By Lesiie AITCHISON. 


Tue use of molybdenum in steel has increased considerably during 
the past decade, and it has now become one of the recognised 
elements to be alloyed with iron for the production of those special 
steels known as “high speed.” When employed thus, the molyb- 
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denum usually replaces some of the tungsten, the functions of the 
two elements appearing to be very similar. The element has a 
very definite influence on the micro-structure of the steels in which 
it is found (see below), and it was thought that an investigation 
of its influence on the corrosive powers of the alloyed steels would 
prove of interest. 

The steels employed for the investigation were: (1) a standard 
pure carbon steel as a basis; (2) a series of steels containing about 
the same percentage of carbon as the standard, but with molyb- 
denum varying up to 20 per cent. (For the latter, the author is 
indebted to the kindness of Professor J. O. Arnold, F.R.S., who 
had prepared them for the purpose of a research conducted by 
him and Professor Read on the constitution of steels.) All the 

series were made from the purest materials, and were 

Fic. 1. prepared in the ordinary coke crucible furnaces. The 

«*s* steels were cast in iron moulds 6°25 cm. square, and then 
OC - from the ingots bars were rolled. These bars were 
normalised at 950° in a gas muffle, the cooling being 
done in the muffle. From the normalised bars, the test 
pieces were turned, being cylindrical, of the shape and 
dimensions shown in Fig. 1. The middle parts of the 
bars were retained for microscopic analysis, and the 
final turnings used for analytical purposes. 

The test pieces were cleaned with emery-paper (down 
to 00 Fortin), and then immersed in dry ether for half 
an hour. After this they were removed to a desiccator, 
and weighed. They were then suspended in beakers by 
\_/  { @ glass rod—five in a beaker. The corrosive liquids 

were four: (a) a 3 per cent. solution of sodium chloride 
(that is, about the same strength as ordinary brine); (5) a 1 per 
cent. solution of sulphuric acid; (c) a 10 per cent. solution of 
sulphuric acid; (d) ordinary tap-water, which gave the following 
mean results on analysis: 


Grains 
per gallon 
TEE ID cawineceaseveesavissinnnasiaaniines 7°30 
sio, 0°56 
Fe,O, and Al,O, 0-21 
CaCO, 1-04 
Chlorine 0°89 
1-70 
a | 
Alkali salts 2-39 
Combined H,O J —e 


O, consumed = 24 pts. per million H,O. 


These liquids were added and left in contact with the steels for 
the following times: (a) 3 per cent. sodium chloride solution, 77 
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days; (0) 1 per cent. sulphuric acid, 77 days; (c) 10 per cent. 
sulphuric acid, 48 hours; (d) tap-water, 77 days, the water being 
changed twice at regular intervals during that time. The pieces 
were removed after these periods, cleaned with a test-tube brush 
and a towel, dried in ether, and again weighed. 

The analysis of the steels employed are given in table I, and the 
results of the corrosion experiments in tables II, III, IV, V, and 
in Figs. 2 and 3. 

Taste I. 
Cc Si Mn S r Mo 


per cent. per cent. per cent. per cent. per cent. per cent. 
0°68 0°020 0°15 0°025 0°012 _ 
0°78 0-078 0°25 0-026 0-018 2°43 
0°75 0-066 0°24 0°031 0-017 4°95 
0-71 0-071 0°23 0°036 0-016 10°15 
0°79 0-084 0°22 0-042 0-016 15°46 
0°82 0-098 0°21 0-046 0°017 20°70 


TaBLeE II. 
Corrosion in 3 per cent. Sodium Chloride Solution, 


Loss in 
grams per 
Original Final Loss Areain sq. cm. 
weight. weight. in grams. sq.cm. xX 100. 
43°4450 43-2400 0°2050 19°7 1-04) 
42-3820 42°1615 02205 19°1 115/ 


42-6990 42-3189 03801 16°1 
42-8650 42-4668 0°3983 15°8 


44°3200 43°9555 0°3645 16°4 
42°3248 41-9387 0°3861 16°7 


46°2049 45-7549 0°4500 16:1 
46°6500 46-1900 04600 161 
46°2966 45°8389 0°4577 15°8 
46-1980 46°5378 0°3722 16-7 
46°6900 46°2754 0°4146 16°1 
47°5277 47-0952 0°4325 16:1 


toto tee 
wr oe 
bo bo bos 
—— Se el 


bo be 


ty ty 
roo e+! 
wNoo Ae 


tp te 
-~1cr 


© 
— 


Tas_e III. 


Corrosion in 1 per cent. Sulphuric Acid. 


Loss in 
grams per 
Original Final Loss Area in sq.cm. Mean 
weight. weight. in grams. sq.cm. xX 100. loss. 
42-1738 41°4052 0°7686 18°95 4:06) 4:17 
43°2481 42-6016 0°8465 19°7 4°28) 


43°3692 41°4252 1°9440 19°7 9°84) 9:63 
43°7349 41-9070 1:8279 19-4 9454 
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TaBLeE III (continued). 


Corrosion in 1 per cent. Sulphuric Acid. 


Loss in 
grams per 
Original Final Loss Area in sq.cm. Mean 
Steel. weight. weight. ingrams. sq.cm. x 100. loss. 
_: 43°3353 41°9059 1°4294 18°8 7°57) 7-56 
42-2000 40°7754 1°4246 18°8 7°56 J 
MNisnnnsecs 46°6850 45°7400 0°9450 19°1 4°95) 5-20 
47-5400 46°4552 1:0848 19°7 5°45) * 
ities 46°4660 45°6589 0-7091 19-4 3°66) 3-67 
45°4700 44°7667 0°7033 19°1 3°68 f 
Wussessida 47-2400 46°7059 0°5341 19 1 2°80) 2-70 
46°4500 45°9847 0°4952 19°1 2-59f : 
TaBLeE IV. 
Solubility in 10 per cent. Sulphuric Acid. 
Loss in 
grams per 
Original Final Loss Areain sq.cm. Mean 
Steel. weight. weight. in grams. sq.cm. X100. loss 
Peer 42-1820 40°8534 1°3286 19°4 6°85 6-90 
41-1106 39°7600 1°3506 19°4 6°95 
, ye 41-6960 33-0260 86700 19-1 45°2 46-2 
41-6380 32°4700 91680 19°4 47°2 as 
_ | an 43°2400 33-9800 9°2600 19°4 47°5\ 49.7 
39°9065 32-2690 7°6375 19°1 39°9/ 
Mibexiicis 45°4600 41°9450 3°5250 19°1 15°5 16-2 
44°7565 41-9180 2°8385 19°1 14°8 ie 
| See 45-7800 44°3230 1°4570 20-0 7°28) 6°65 
44°4665 43°2933 1°1732 19°4 6°05 f 
| ee 46-2800 45°8130 0°4670 19°4 2°41 2-47 
45°4241 44°9400 0°4841 19°1 2°53 
TABLE V. 
Corrosion in Tap-water. 
Loss in 
grams per 
Original Final Loss Areain sq.cm. Mean 
Steel. weight. weight. in grams. sq.cm. xX 100. loss. 
Me insane 41-8282 41-6420 0°1862 19°7 0°945) 0-892 
42-9624 42-7976 0°1648 19°7 0°838 f id 
| 41-8602 41-7000 0°1602 19°1 0-841 0-849 
41-9540 41-7900 0°1640 19°1 0°858 
O crass 40°1332 39-9700 0°1632 18°5 0-882) 0-910 
43-5376 43°3530 0-1846 19°7 0°938 f 
iP wii 45-7164 45-5310 0°1854 19°1 0°965) 0-953 
45-0160 44°8362 0°1798 19°1 0°942 f i 
Pian 44-7524 44-5600 071924 188 1-057 1-047 
46-0598 45°8550 0°2048 19°7 1:038 
I sss 45°7522 45°5350 02172 194 #&4®4112 ) 1092 
46-5900 46-3800 0°2100 19°7 1-065 f 
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The curves go to show that, in common with so many other 
elements, the addition of a small percentage of molybdenum pro- 
duces a distinct increase in the corrosion in brine and both con- 
centrations of sulphuric acid. After this initial rise, the corrosion 
takes a course which is characteristic of the metal under considera- 
tion. In water, the first addition results in a very slight fall, 
followed by a regular increase. This also is fairly usual, as the 
corrosion in tap-water is rarely similar to that experienced in the 
other corrosives. The usual increase of attack in the other media 
produced by the small additions may be referred in this case, as 
in many others, to the change in the character of the micro- 
structure. The usual effect of the addition of a third element is 
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to reduce the size of the grain and to increase the fineness of 
division of the constituents of the pearlite. Both these factors 
are likely to produce an increased attack. After this first change, 
the micro-structures of the series change a good deal. The plain 
ferrite and cementite structure is replaced by one containing a 
more complex carbide. This carbide contains all the molybdenum 
(as has been shown by Professors Arnold and Read) almost up to 
the limit of the series employed, and the quantity and character 
of this carbide change as the percentage of molybdenum increases. 
The carbide becomes more massive in character, and leaves the 
solid solution more free from the small pieces that otherwise are 
generally intermingled. 
5 B* 2 
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The effect of these changes could be seen in the series of micro- 
scopic observations that were made. The micro-sections cut from 
the middle parts of the bars were placed in the 3 per cent. sodium 
chloride solution, and allowed to remain for 14 days. They were 
previously cleaned and polished in the usual way (with diamantine 
powder), and after immersion were cleaned by allowing a fairly 
rapid stream of tap-water to flow over them. Then they were 
dried in absolute alcohol, and examined under the microscope. 

The results showed that the corrosion in the series was almost 
identical with the results obtained by ordinary etching, excepting 
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the pure carbon steel. In the case of that steel, the micro-section 
showed an almost perfectly uniform field. There was no sign of 
the pearlite that is so characteristic of a steel containing 0°7 per 
cent. of carbon, and the ferrite areas were quite indistinguishable 
from the pearlite. This is most probably due to the fine state of 
division of the pearlite, the result being that on the attack of the 
solution progressing to any extent into the ferrite, the cementite 
has dropped out. In the case of the steels containing molybdenum, 
a distinct difference is apparent at once. Steel B shows a small 
quantity of white carbide standing up above the dull and corroded 
background. This is not quite the same as the etching obtained 
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with, for example, picric acid, for there the pearlite is visible, 
whilst the corrosion has resulted in the production of the same 
kind of structure (or absence of structure) in the pearlite areas as 
it did in the pure carbon steel. After passing this low molyb- 
denum steel, the carbide segregates more and more, as shown by 
the picric acid etching, and the corroded specimen shows a corre- 
sponding difference. In all the cases, C, D, LZ, F, the white, double 
carbide of iron and molybdenum stands out quite clearly and un- 
attacked, whilst the ferrite and solid solution are corroded very 
definitely. A typical result is shown in Fig. 4, which is steel LZ. 
This immunity from attack on the part of the carbide is quite in 
keeping with the results obtained from other series of steels. 

The attack on the solid solution alone, the immunity of the 
carbide from attack, as well as the statement that when the carbide 
of steels has disappeared it has done so mechanically, and not 
chemically, are fully borne out by the following experiments. 
Drillings of each of the molybdenum steels were taken and sieved 
carefully. Those that would pass through a ten sieve and not 
through a thirty were separated, and of these 4 grams were taken 
separately and placed in a flask, together with 25 c.c. of 10 per 
cent. sulphuric acid. After five and a-half hours’ immersion, the 
resulting solutions were filtered, and a clear solution obtained. 
The residue consisted of undissolved steel and a fair quantity 
(varying with the steel) of a fine, powdery, black carbide. In the 
filtrate, the iron and molybdenum were determined (1) by reduc- 
tion with sulphurous acid, (2) reduction with Jones’s reductor, 
followed by titration with potassium permanganate in each case. 

The results obtained were as follows: 

Mo Fe Mo 
in steel. in filtrate. in‘filtrate. 
Steel. Per cent. Grams. Grams. 
1-240 nil 
1-231 
1-236 nil 
1-231 
1-228 nil 
1-234 
1-214 nil 
1-20 
0°85 00182 
0°86 0°0258 

Professors Arnold and Read have shown in their research on the 
constitution of these steels that the whole of the molybdenum of 
the steel is present in the carbide up to about 19 per cent., after 
which some will be spared to appear in the solid solution. Con- 
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sequently, an attack on the carbide would result in the appearance 
of molybdenum in the filtrate from the start, whilst an attack on 
the solid solution would show no molybdenum at first. The results 
show that there is no trace of molybdenum in the solution until 
the percentage of that element has risen beyond that required to 
saturate the carbide, when the excess of molybdenum naturally 
appears in the solid solution. From this it appears to be a fair 
conclusion that it is the solid solution, and that only, which is of 
account in the corrosion—a result quite in keeping with the micro- 
scopic examination of the materials. 

Reviewing the whole of the results of the experiments on 
corrosion, it appears that the addition of molybdenum to a pure 
carbon steel results in a definite increase of corrosion until very 
high percentages are reached, there being no appreciable. gain 
below 15 per cent. A somewhat similar conclusion, based on steels 
of a lower molybdenum content, was reached by Friend and 
Marshall (7. Zron Steel Inst., 1914, 89, 503). 


The author wishes to thank Professor Arnold for the use of the 
steels, and Mr. F. Ibbotson for allowing him to use the analyses 
made for Professors Arnold and Read. 
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CLXXIUL—The Hydrolysis of Sodium Phenoxides in 
Aqueous Solution. 


By Davip Runciman Boyp. 


SuRPRISINGLY little is known with regard to the relative acidities 
of the various alkyl-substituted phenols. The dissociation constant 
for phenol has been determined by Walker (Zeztsch. physikal. 
Chem., 1900, 32, 137) and by Lundén (sbid., 1910, 70, 249). 
Hantzsch and Farmer (Ber., 1899, 32, 3066) have determined the 
dissociation constants for certain negatively-substituted phenols 
(chloro-, cyano-, and nitro-phenols), and measured the degrees of 
hydrolysis of the sodium salts of these phenols in aqueous solution. 
The only data, however, bearing upon the question of the com- 
parative acidities of different alkyl-substituted phenols appear to 
be those due to Bader (Zeitsch. physikal. Chem., 1890, 6, 290), and 
some facts of a qualitative character ascertained by Raikow (Chem. 
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Zeit., 1903, 27, 781). Bader measured the conductivities of 
aqueous solutions of a variety of phenols at 25°, and obtained some 
very remarkable results. According to Bader’s data, all the cresols 
are stronger acids than phenol; o-cresol is more acidic than o- or 
p-chlorophenol ; o-isobutylphenol is much more strongly acidic than 
o-cresol. Hantzsch (loc. cit.) has already questioned the accuracy 
of Bader’s figures, which on general grounds appear improbable ; 
they are, however, still quoted. 

Raikow, on the other hand, finds that whilst o- and m- senile 
are less acidic than phenol, p-cresol is a stronger acid. Raikow’s 
method, however, is open to criticism, at least in its application to 
p-eresol. The supposed greater acidity of pcresol was deduced 
from the fact that when a small quantity of solid potassium 
carbonate was added to an emulsion of p-cresol in a saturated solu- 
tion of this salt, the liquid on shaking became clear, with separa- 
tion at the same time of crystals of potassium p-tolyloxide. A 
similar emulsion of phenol is not affected on shaking with solid 
potassium carbonate. This difference of behaviour is, however, in 
all probability due merely to the comparative insolubility of 
potassium p-tolyloxide in a saturated potassium carbonate solution, 
and not, as supposed by Raikow, to greater acidity on the part of 
p-cresol. 

From the results of some experiments recently carried out on 
the combination of sodium phenoxides with olefine oxides (Boyd 
and Marle, T., 1914, 105, 2117), it appeared probable that all 
alkyl-substituted phenols are less acidic than phenol itself, and the 
experiments described in the present communication were insti- 
tuted with the object of determining the correctness, or otherwise, 
of this view, and at the same time of ascertaining to what extent 
the position and character of the alkyl group affect the acidity of 
the phenol. 

The method adopted for estimating the degree of hydrolysis of 
the sodium phenoxides was that of Shields (Zeitsch. physikal. 
Chem., 1893, 12, 167). In order that the results might be the 
more closely comparable with those obtained by Hantzsch and 
Farmer for negatively substituted phenols, the hydrolysis was 
measured, where possible, in V/32-solution. In some cases, how- 
ever, the sparing solubility of the phenol made it necessary to 
employ solutions of much lower concentration. From the results 
obtained with these more dilute solutions, the degree of hydrolysis 
at Vg can be calculated approximately by means of the formula 

a . 
(- ins 2)V _ Kp, 


where x represents the fraction hydrolysed at dilution V, and A, 
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is the hydrolysis constant. When this formula, however, was tested 
by experiments made with phenol and certain of the xylenols, it 
was found that the values calculated for the hydrolysis at Vj) or 
Voo from observations made at V’,, were always greater than those 
actually observed; in other words, the hydrolysis constant was 
found to diminish somewhat with increasing dilution. A more 
satisfactory agreement between observed and calculated values was 
obtained by using the formula 
a2 
(l -a«)Vs 
and accordingly this formula has been employed in cases where 
direct observation of the hydrolysis at V3. was not possible. 
The following table contains a summary of the results which 
have been obtained. 


= constant, 


Relative Acidities of Phenols at- 25°. 


Percentage 
Ki, hydrolysis 
Phenol. at Vi. at Vy. K,. 

Guaiacol......... 0°000103 5°58 117x107” 
Pend  oscccccce 0°000104 5°60 1°15x 10-" 
m-Cresol ......+- 0°000123 6-08 0°98 x 107!" 
p-Cresol .......0- 0°000178 7°27 0°67 x 107” 
o-Cresol ......00. 0°000192 7°54 0°63 x 107!" 
o-4-Xylenol ... 0°000233 8:28 0°52 x 10-"” 
p-Xylenol ...... 0°000251 8°57 0°48 x 10-" 
Carvacrol ...... 0°000267 8°83 0°45 x 10-” 
m-6-Xylenol ... 0°000352 10°07 0°34 x 10- 
Thymol ......... 0-000373 10°34 0°32 x 10-° 
v-Cumenol ...... 0°000422 10°96 0°28 x 107-10 
eee 0°000694 13°83 0°17 x 10-10 


In column 1 are given the hydrolysis constants, A,, for the 
sodium phenoxides at 25° and Vz, dilution. In the case of 
carvacrol, thymol, y-cumenol, and mesitol, the value for K, was 
not obtained directly, but is calculated from the degree of hydro- 
lysis of the sodium phenoxide by means of the formula 

a . 

(l-a)V An. 
In column 2 are given the degrees of hydrolysis of the sodium 
phenoxides at Vy, the values for carvacrol, thymol, y-cumenol, and 
mesitol being calculated, as explained above, from data obtained 
with solutions of greater dilution by means of the formula 

v. = constant. 

(l—a)Vre 


Column 3 contains the dissociation constants, A,, for the free 


a? 


phenols in aqueous solution at 25°, calculated from the hydrolysis 
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Kw 
Ky 
constant of water, being taken equal to 1:2 x 10-™. 

The value for the dissociation constant of phenol obtained in this 
way from the hydrolysis constant measured at Vg. is 1°15 x 10-". 
Walker (loc. cit.) found 1°3x10-", and Lundén (loc. cit.) found 
0°97 x 10-1. It may be remarked, however, that if one calculates 
the dissociation constant of phenol from the hydrolysis constant 
measured at Vj, namely, 0°0000875, one obtains the value 
1°37 x 10-1. The mean of the values 1°15 x 10-! and 1°37 x 10-1 
(1°26 x 10-1) agrees well with Walker’s value. 

A consideration of the data summarised in the table leads to 
the following conclusions: 

(1) The acidity of phenol is diminished by the introduction of 
alkyl groups. 

(2) The alkyl group is most effective when in the ortho-position 
with respect to the hydroxyl group, slightly less effective in the 
para-position, and much less effective in the meta-position. This 
rule applies to dialkyl and trialkyl derivatives of phenol as well 
as to the cresols. 

(3) An isopropyl group in the ortho-position acts much more 
strongly than a methyl group in the same position, but there is 
very little difference between the effectiveness of the two groups 
when they occupy meta-positions -with respect to the hydroxyl 
group. 

(4) The introduction of a methoxy-group in the ortho-position 
scarcely alters the acidity of phenol. 

From the figures obtained for ortho-, meta-, and para-placed 
methyl groups in the case of the cresols, it is possible to calculate 
rough values for the degrees of hydrolysis of the dimethyl- and 
trimethyl-substituted phenols. The values so obtained are always 
less than those actually observed, but the difference is particularly 
noticeable in the case of mesitol. 

Such an exaltation of the effect of the individual methyl groups, 
owing to the peculiar grouping which occurs in mesitol, is perhaps 
not surprising. It is, however, desirable to notice in this con- 
nexion a peculiar observation which was made in the course of the 
experiments with mesitol. 

Mesitol dissolves in an equivalent quantity of a cold, dilute 
solution of sodium hydroxide to give a colourless solution, but it 
was found that after the dilute (V/100) sodium mesityloxide solu- 
tion had been kept in the thermostat at 25° for about an hour it 
showed a distinct pink colour. If such a dilute solution is heated 
to boiling, the colour gradually becomes an intense rose-red, sa 


; K,, the dissociation 


constants, according to the equation 4’,= 
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that the appearance of the liquid resembles that of an alkaline 
solution to which a little phenolphthalein has been added. On 
cooling, the red colour persists for some time, but it gradually 
diminishes in intensity. The coloration again becomes strong if 
the liquid is once more boiled. 

It was at first supposed that this phenomenon must be due to 
the presence of some impurity in the specimen of mesitol employed, 
since it seemed unlikely that such a striking property, if possessed 
by mesitol, could have escaped the notice of previous workers with 
this substance. The mesitol in question had been prepared from 
a specimen of mesidine (Schuchardt), boiling at 232—233°, from 
which a benzoyl derivative, melting at 202—203° (uncorr.), had 
been prepared. (Bamberger and Rising [Ber., 1900, 33, 3637] 
give 200°5° as the melting point of the benzoyl derivative of 
mesidine.) 

It melted at 72—72°5°, boiled at 221—222°, and showed, in 
general, the characteristics of a pure substance. It was, however, 
redistilled after the observation above referred to had been made. 
It was then found to boil constantly at 221°. On testing a por- 
tion of this redistilled sample with dilute sodium hydroxide solu- 
tion, the same intense red coloration was obtained on boiling. 

In order to leave no doubt as to the identity of the mesitol, its 
phenylurethane was prepared by heating for some hours with 
phenylearbimide. In agreement with the description of Auwers 
(Ber., 1899, 32, 19), the product formed fine needles, melting at 
140—142°. It would appear, therefore, that the property of 
giving a red coloration on heating with dilute sodium hydroxide 
solution is one possessed by pure mesitol. The reason why this 
property has not hitherto been observed is probably to be found 
in the fact that the colour is not developed strongly except in dilute 
solutions, and is destroyed on addition of a considerable excess of 
sodium hydroxide. Further investigation showed that some 
chemical transformation accompanies the production of the red 
colour, for if the dilute solution is boiled until no more mesitol 
escapes, the red colour is not destroyed, and if the solution is now 
concentrated, acidified, and extracted with ether, an oily product 
is obtained, which is not mesitol. 

The nature of the chemical change involved is now under in- 
vestigation. At present it is not possible to express any definite 
opinion on this point, or as to whether the process proceeds with 
sufficient rapidity at 25° to produce any appreciable effect on the 
value obtained for the degree of hydrolysis of sodium mesityloxide 
at that temperature by the application of the methyl acetate 
method. 
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EXxPERIMENTAL. 


Shields (/oc. cit.) deduced the equation 


rt , 

3 Cs log nat. Cy— Hy _ = oe log nat. C~ ay 

K, = €-6, C,-%, U-C, 9 “C-% 
k(t, —f) 


where KX, is the hydrolysis constant, C, is the concentration of the 
sodium phenoxide, C the concentration of the methyl acetate, z 
the concentration of the sodium acetate which has been formed at 
time ¢, and & is the velocity constant for the saponification of 
methyl acetate by sodium hydroxide. This equation does not hold 
until the reaction has proceeded so far that the magnitude of A, 
the amount of free sodium hydroxide present at time ¢ on account 
of the hydrolysis of the sodium phenoxide, is negligible in com- 
parison with the value of x. Hence, in the case of dilute solutions 
of the salts of very feebly acidic phenols, where the hydrolysis 
amounts to between 20 and 30 per cent., the value of the ex- 
pression does not become constant until about four-fifths of the 
sodium phenoxide has reacted with the ester. 

The value of & for methyl acetate and sodium hydroxide at 25° 
was found by Hantzsch and Farmer to be 10°2, and this figure has 
been used in calculating the hydrolysis constants. In the follow- 
ing tables, the concentrations of the sodium phenoxide and of the 
methyl acetate are given in 0°001 gram-molecule per litre, unless 
otherwise stated. The time is given in minutes. 


Phenol. 
(1) V=32. 
Time. C,—2. C-—z. K;,. 
0 31°25 110°9 -—— 
10 24°15 103°8 (0°0000902) 
21 20°84 100°5 0°000104 
33 18°90 98°55 0:0000983 
53 16°15 95-80 0°000104 
74 14°36 94-01 0°0000999 
96 12°53 92°18 0°000104 
120 10°90 90°55 0°000107 
144 9°76 89-41 0-000107 
168 8°85 88°50 0°000106 
195 791 87°56 0°000106 


Mean = 0°000104 
Therefore A (concentration of sodium hydroxide at commence- 
ment of experiment) =0°001751 gram-molecule per litre, and hydro- 
lysis=5°60 per cent. 
A second experiment, with C,=31°34 and C=103°4, gave 
&,=0°000107, or hydrolysis=5°68 per cent. 
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(2) V=101. 
Time C,—2. C—z. Ky). 
0-0 9°90 20°89 —_ 
32-0 7°16 18°15 (0°0000745) 
50°1 6°40 17°39 0°0000851 
67°71 5°98 16°97 0°0000858 
99°0 5°25 16°24 0°0000913 
129-0 4°87 15°86 0°0000877 


Mean = 0°0000875 


Therefore A =0°000888 and hydrolysis=8°97 per cent. 
Hantzsch and Farmer (loc. cit.) found 8°80 per cent. as the 
degree of hydrolysis of sodium phenoxide in V/100-solution at 25°. 


Guaiacol. 
Vi=32. 
Time, 0—66°3 min. C,—# 31°22—12°48. CU—«# 149°1—130°4. 
K;,=0°0000980—0°000108 ; mean, 0°000103. 
Therefore A =0°001743 and hydrolysis=5°58 per cent. 
A second experiment with C,=31°39 and C=1589 gave 
K,=0°0000998, or hydrolysis=5°48 per cent. 


o-Cresol. 
V=32. 
Time, 0—120 min. C.,—«# 31°25—6°25. C-—«# 123°4—-98°4. 
K;,=0°000182—0-000200 ; mean, 0°0001915. 
Therefore A =0°002356 and hydrolysis=7°54 per cent. 
A second experiment with C,=31'29 and C=289°2 gave 
K;,=0°000190, or hydrolysis=7°50 per cent. 


m-Cresol. 
V =32. 
Time, 0—180 min. C.—# 31°22—6°04. C—z 131°5—106°3. 
K,=0°000118—0'000128 ; mean = 0°000123. 
Therefore A =0°001898 and hydrolysis=6°08 per cent. 
A second experiment with C,=31°34 and 1297 gave 
K,=0°0001254, or hydrolysis=6°13 per cent. 


p-Cresol. 
V=32. 
Time, 0—150 min. C,—2# 31°20—5°30. C—«# 125°8—99°9. 
K,=0°000168—0-000185 ; mean =0-000178. 
Therefore A =0-00227 and hydrolysis=7°27 per cent. 
A second experiment with C,=31:20 and (@=128°3 gave 


KX, =0°0001833, or hydrolysis=7°37 per cent. 
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o-4-X ylenol. 


V=32. 


Time, 0—167 min. C,—z2 31°23—5°30. C—« 93°61—67°68. 
K;,=0°000231—0°000236 ; mean = 0°000233. 
Therefore A =0°002585 and hydrolysis=8°28 per cent. 


V=100. 

Time, 0—145 min. C,—z2z 10°:00—0°78. C—2 62°59—53°37. 
K,=0°000198—0-000211; mean, 0 000205. 

Therefore A =0°001334 and hydrolysis=13°34 per cent. 


m-6-Xylenol. 
V=32. 
Time, 0—179 min. C,—2 31°28—3:17. C—2« 90°76—62°65. 
K,=0°000344—0°000359 ; mean=0°000352. 
Therefore A =0°00315 and hydrolysis=10°07 per cent. 


V =100. 

Time, 0—82 min. C@,—2 10°02—1°'22. C—«# 57°37—48'57. 
K;,=0°000279—0-000298 ; mean=0°000291. 

Therefore A =0°00157 and hydrolysis=15°65 per cent. 


p-X ylenol. 
V=32. 
Time, 0—180 min. C,—# 31°24—4°46. C—a 96°68—69°90. 
K;,=0°000240—0-000256 ; mean=0°000251. 
Therefore A =0°00268 and hydrolysis=8°57 per cent. 


A second experiment with C,=31°07 and C=96°83 gave 
K,=0°000255, or hydrolysis=8°66 per cent. 

V=761. 

Time, 0—180 min. C,—2 13°15—1°70. C—a# 47:03—35'58. 
K,=0°000221—0-000234 ; mean = 0°000230. 

Therefore A =0°001627 and hydrolysis=12°37 per cent. 


V=187'3 (C,—«2 and C—z expressed in 0°0005 gram-molecule 
per litre). 

Time, 0—120 mm. C,—2 10°68—0°55. C—-# 90°34—80°21. 
K;,=0°000211—0°000220 ; mean =0°000216. 

Therefore A =0°0009715 and hydrolysis=18°20 per cent. 


Thymol. 


V=158:1 (C,—2 and C—z expressed in 0°0005 gram-molecule 
per litre). 
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Time, 0—86 min. C,—z 12°65—0°91. C—2x 90°90—79'16. 
K,=0°000302—0-000308 ; mean = 0°000305. : 
Therefore A =0°001244 and hydrolysis=19°67 per cent. 

A second experiment with C,=13°10 (0°0005 gram-molecule per 
litre) and C=93°16 gave K,=0°000296, or hydrolysis=19°10 per 
cent. 

Carvacrol. 


V=181'1 (C,—2z and C—zx expressed in 0°0005 gram-molecule 
per litre). 

Time, 0—127 min. C,—2 11°04—1:29. C—a 5840—48°65. 

K;,=0°000203—0'000224 ; mean=0°000215. 

Therefore A =0°000988 and hydrolysis=17°89 per cent. 

A second experiment with C,=10°73 (0°0005 gram-molecule per 
litre) and C=58°40 gave K,=0-000214, or hydrolysis=18°09 per 
cent. 

y-Cumenol. 


V=193°6 (C.—x and C—z2z expressed in 0°0005 gram-molecule 
per litre). 

Time, 0—120 min. C,—z 10°33—0°87. C—«# 46°48—37°02. 

K,=0°000323—0°000346 ; mean = 0°000336. 

Therefore A =0°00116 and hydrolysis= 22°46 per cent. 

A second experiment with C,=9°16 (0°0005 gram-molecule per 
litre) and C=46°62 gave K,=0°000316, or hydrolysis=23°05 per 
cent. 

Mesitol. 

V=205°'7 (C,—«2 and C—z expressed in 0°0005 gram-molecule 
per litre). 

Time, 0—103 min. C,—2 9°72—0°38. C—2x 45°40—36-06. 

K,=0°000533—0-000606 ; mean =0°000573. 

Therefore A =0°001385 and hydrolysis=28°49 per cent. 

A second experiment with C,=9°31 (0°0005 gram-molecule per 
litre) and C=45°32 gave K,=0°000569, or hydrolysis=29°36 per 
cent. 
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CLXXIV.—Rotatory Power and Refractiwity. Part LI. 
The Rotatory Powers, Refractivitics,and Molecular 
Solution Volumes of Camphor, Bromocamphor, and 
Ethyl Tartrate in Certain Solvents. 


By Davip Henry PEacock. 


In a previous paper (T., 1914, 105, 2782) it was shown that the 
relation between rotatory power and refractivity deduced by 
Livens (Phil. Mag., 1913, [vi], 25, 817 et seg.) held to a close 
approximation for several solutions. In the present paper this 
investigation has been continued with a view to the elucidation 
of several results obtained previously, and the addition of further 
evidence for or against the theory. 

In the case of borneol it was found (Part I, loc. cit.) that solu- 
tions in benzene possessed a refractive index which decreased with 
increasing concentration of borneol, and that the value of the 
expression (n?—1)(m2—1+1/a) was of the opposite sign to that 
for solutions in acetone, ethyl alcohol, or ethyl acetate, in which 
the refractive index increases with increasing concentration, 
a, as will be seen by reference to equation (1), is a constant in- 
volving the polarisation in the medium, and therefore occurring in 
the equation representing its electromagnetic behaviour. The ex- 
amination of solutions of camphor showed that this connexion 
does not generally hold. Solutions of camphor in both benzene 
and chlorobenzene possess a refractivity which diminishes with 
increasing concentration of camphor, and in both cases the value 
of the expression (n?—1)(m?—1+1/a) possesses the same sign as 
that for solutions in alcohol, acetone, and ethyl acetate. 

Solutions of bromocamphor in benzene, although the refractivity 
increases with increasing concentration of the solute, give a value 
for the expression (n?—1)(m?—1+1/a) opposite in sign to that 
given by solutions in ethyl acetate, alcohol, or acetone. The sign 
of the expression depends on the value of 1/a; n?—1 must always 
be positive, but if 1/a (which is negative in sign) is greater than 
n*—1, then the expression as a whole will have a negative sign. 
If, however, 1/a is numerically less than n?—1, then the product 
(n® —1)(n?—1+1/a) will possess a positive sign. 

This quantity a arises from the fundamental equations repre- 
senting the forces on the electrons, the vibrations of which are 
assumed to give rise to the refractive and rotatory effects. Accord- 
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ing to Lorentz, the force on an electron the charge of which is e¢ 
is equal to 
F=e(F+aP+beurlP) ..... (1), 

where £ is the electric force vector and P the polarisation. The 
term OcurlP represents the asymmetric forces acting on the 
electron, and giving rise to optical activity. Lorentz apparently 
assumes that a is approximately one-third. The results obtained 
in this and the previous paper approximate only occasionally to 
this value. The sign of a is always found to be negative, whereas 
Lorentz apparently regards it as positive. From equation (1), 
Livens deduces the following value for the rotatory power a per 
unit length of solution : 


f (= a) (= mt :) 
p Po —P Pa —P 


2 ar” /m . 
~ 1 po > . ) 
( Po — P* 


where p is the frequency of the light employed, p, depends on 
the restoring force acting on the electrons. It is important to 
ba? /m 


~ 


note that whilst the summation  ’ 


, 18 taken only over the 


Po 
active molecules, the two other summations are taken over all the 


molecules, a being apparently assumed the same for both solvent 
and solute. Ultimately, there is obtained the following equation 
connecting rotatory power and refractivity : 
ty 
[a] = “2A (m2-1) (m?-1+1/a) . . . . (3), 
where n=refractive index. 
Whence 
(un? — 1) (n? —-1+1/a) _ 


[a] 
i; as » be?/m 5 6 
r/ is a constant arising from the term  %’——/—., which is due to 


Po —P 
the asymmetric structure of the molecule. Therefore it would be 
expected that r’ would be constant for a given active substance 
as long as the intramolecular forces are not upset. These equa- 
tions take no account of absorption. 

Both a and 6, and therefore 7’, are apparently independent of 
the frequency of the light used. This point has not yet been 
tested experimentally, but it is hoped to do so. The effect of 
temperature has also, so far, not been examined. Several sub- 
stances show a maximum in the temperature-rotation curves (com- 
pare Patterson, Frankland, and others), and this is possibly due 
to the competing effect of an increase in a and a decrease in 7”, 
or vice versa. 


(4). 
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From equation (4) it follows that 
soit.) tin ad | 
|a| rp 

If 7’ and p are constant, then the left-hand term should be 
constant; therefore, working with light of one frequency, this ex- 
pression might be expected to give some idea of the disturbances of 
intramolecular forces when an active solute is examined in various 
solvents, disturbances which would make their effects visible by a 
change in 6, and therefore in r’. Therefore, if when the concen- 
tration of a solution is changed the value of the left-hand term 
in equation (5) remains constant, the assumption is reasonably 
justified that 7’, and therefore the internal forces within the mole- 
cule, have been undisturbed ; this would exclude the possibility of 
distortion of the active molecule by the internal pressure of the 
solvent or by association or dissociation as the cause of the change 
of specific rotatory power with concentration. Similar considera- 
tions would be expected to hold for the passage from one solvent 
to another. 

It is also apparent from equation (4) that the value of the 
expression (n?—1)(n2—1+1/a) should not change in sign unless 
r’ or [a] change in sign; r’ and [a] are so related, that if r’ changes 
in sign, [a] changes in the same sense ; therefore, as long as the rota- 
tory power of a substance remains of the same sign, the value of 
the expression (?—1)(n2—1+1/a) should also remain unchanged 
in sign. Both in this and the previous paper, however, cases arise 
in which, whilst the rotatory power of a solute remains unchanged 
in sign, the value of the refractivity expression does so change; it 
will be noticed that these discrepancies occur in the case of solu- 
tions in benzene, a solvent which possesses absorption bands in the 
near ultra-violet, and, as Livens states (/oc. cit.), the presence of 
absorption bands in the solvent or solute modifies considerably 
the form of the equations obtained. At present that question, the 
effect of absorption, has to be left out of the discussion, as the 
necessary data for a proper treatment of it are not available. It 
would therefore be premature to conclude that because of certain 
inconsistencies between the theory and the experimental facts, the 
equations connecting refractivity and rotatory power are entirely 
wrong or meaningless. The very close agreement subsisting in so 
many cases between rotatory power and the refractive expression 
is strong evidence of a basis of truth. It may now be recalled 
that such correlation between the refractive and rotatory powers 
has been observed in the case of: (1) borneol, where variation in 
concentration or solvent produces little effect; (2) cinchonicine, 
the rotatory power of which diminishes with increasing concentra- 


1550 PEACOCK: ROTATORY POWER AND REFRACTIVITY. PART II. 


tion; (3) camphor and bromocamphor, the rotatory powers of 
which, in general, increase with concentration. In the case of 
ethyl tartrate, a minimum in rotatory power occurs without a 
change of sign, and Livens remarks that this behaviour is in- 
explicable on the simple theory neglecting absorption, but may be 
due to its effects. 

It is possible that the values of the constant a found in this 
paper differ somewhat from the real values, owing to the neglect 
of the effect of absorption. Camphor, bromocamphor, acetone, 
benzene, and chlorobenzene all possess bands in the ultra-violet 
which are possibly near enough to the D-line to affect the optical 
properties for this frequency. Alcohol and ethyl acetate show 
only slight general absorption in the ultra-violet, and yet the values 
of a for solutions of borneol in these solvents differ more than for 
its solutions in acetone and ethyl acetate; the case is similar for 
camphor. It is thus apparent that a is not a constant independent 
of solvent or solute; therefore it is probable that every substance 
possesses a characteristic value of a, and that when it is mixed 
with another substance this value changes. The new value of a 
may differ considerably from that for either of the components of 
the mixture, as these may have their intramolecular forces appreci- 
ably changed by the admixture. In the case of a solution of an 
active solute in an inactive solvent, the value of a for dilute solu- 
tions may approach that for the solvent, but as concentration 
increases it will change to that for the mixture of solvent and 
solute molecules in which every molecule of the mixture has its 
internal equilibrium disturbed by the presence of molecules of the 
other sort. This condition may hold over a wide range of con- 
centration, and then a will tend towards the value for the pure 
solute. To this cause may perhaps be ascribed some peculiar cases 
of variation of specific rotatory power with concentration. This 
change in the value of a is rendered more probable by the almost 
constant behaviour of the solutions examined. In nearly every 
case the dilute solutions depart from the general relation between 
rotatory power and refractivity which holds for more concentrated 
solutions. In the case of solutions of bromocamphor and camphor, 
it is only rarely that the more concentrated solutions depart from 
this relationship, showing, perhaps, that the mutual interaction 
between the molecules of solvent and solute does not tend towards 
the type of that between molecules of the solute alone, even at the 
high concentrations examined of the latter; in the more dilute 
solutions, the solute molecules can only influence a limited number 
of solvent molecules, but with increasing concentration there soon 
comes a stage when all the solvent molecules are directly or in- 
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directly influenced. This stage may persist over a wide range of 
concentrations, until, in fact, the solvent becomes in its turn the 
solute at low concentration. 

Although the effect of absorption bands in the solvent on the 
rotatory power of the solute has not been experimentally examined 
yet, perhaps some of its problems may be indicated. Kundt 
(Wied. Ann., 1878, 4, 34) showed that the absorption bands 
of a solute in the violet or ultra-violet are displaced towards the 
red end of the spectrum by increasing the refractive index of the 
medium. Baly and Tryhorn (this vol., p. 1121) state, however, 
that this relation does not hold strictly. Livens (Joc. cit.) shows 
that the effect of a band due to inactive (that is, in the rotatory 
sense) electrons is to increase the rotation on the side of the shorter 
wave-lengths and decrease it, or even reverse its sign, on the side 
of longer wave-lengths; this effect is, of course, only obvious in 
the near neighbourhood of a band. If, then, a solute possesses 
bands in the ultra-violet which are brought nearer to the wave- 
length of the light used by the effect of a highly refractive solvent, 
the rotatory power should fall. This is found to be the usual case 
for solutions in benzene when compared with solutions in such less 
refractive solvents as alcohol or acetone. In the present paper it 
will be seen that solutions of camphor in benzene and chloro- 
benzene, and of bromocamphor in benzene, possess lower rotatory 
powers than those in the other solvents used, while reference to 
Part I will show that solutions of borneol in which the ketone band 
is obviously suppressed do not show this behaviour. The case is 
not quite so simple, however, as appears from this; Freundler 
(Compt. rend., 1893, 117, 556) found that solutions of n-propyl 
diacetyl-, dibutyryl-, and dihexoyl-tartrate possessed higher rota- 
tory powers in the strongly refractive solvent carbon disulphide 
than in methyl alcohol; on the other hand, chloroform and bromo- 
form behaved as would be anticipated, and uniformly showed either 
a very small or a reversed rotation. Obviously, however, this 
hypothesis can best be tested by observations of the absorption 
bands and rotations of active substances in solvents of varying 
refractive indices. It is here mentioned as showing the import- 
ance of considering the mutual effect of solvent and solute from 
their physical side; when the physical effects are sifted out, then 
a surer foundation is left for arguments based on chemical con- 
siderations. 

The rotatory powers of the solutions examined were measured 
for sodium light in 2-dem. tubes at 25°. The solutions were made 
up in 25 c.c. flasks at- 25°. As in the observations given in Part I, 
the refractive indices were measured in a Zeiss total reflexion 
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refractometer used for examining oils technically; this, although 
a very useful instrument, did not allow of great accuracy in the 
readings. The densities were measured in pyknometers holding 
about 10 c.c., except for butyl and isobutyl alcohols, which were 
measured in a small pyknometer holding about 3 c.c. 

The solvents were prepared similarly to those used for the results 
given in Part I; they were dried, and then fractionally distilled ; 
in all cases the same sample of solvent was used throughout the 
experiments on any particular substance. The following are the 
constants for the solvents: 


TABLE I. 


Solvent. Density. Refractivity. 

Alcohol 0°7874 1°3600 
Acetone 0°7874 1°3569 
Ethyl acetate 0°8947 13704 
Benzene 0°8728 1-4997 

1-1010 1°5246 
Butyl alcohol 0°8092 1°3979 
tsoButyl alcohol 0°7994 1°3944 


Camphor, C\j)H,,0. 


This was purified by sublimation; distillation in a current of 
steam was tried, but the subsequent drying of the camphor was 
slow, and the purification effected did not seem so thorough as by 
sublimation. The experimental results are given below in the 
tables. The curves show the effect of concentration and solvent 
on rotatory power and the refractive expression 

(nm? —1)(m?-1+1/a). 

The values of the expression (n?—1)(m?—1+1/a)/[a] are given 
in the last column; as already pointed out, this expression should 
be constant if the variation of rotatory power with concentration 
is due to variations in the velocity of light within the medium; 
for solutions in alcohol, the agreement is good except for dilute 
solutions, in which camphor appears to possess a minimum of rota- 
tory power; Landolt (Annalen, 1877, 189, 333) pointed out that 
the curves for rotatory power and concentration of camphor in 
ethyl and methyl alcohols showed a tendency to approach a mini- 
mum at low concentrations. This may be explained by the 
assumption that the value of a for alcohol differs much from that 
for camphor or alcoholic solutions of camphor, and that this new 
value of a is not approached until concentrations of about p=7°5. 
For more concentrated solutions, the connexion between refrac- 
tivity and rotatory power holds very well, showing that there is 
no deformation of the molecule; therefore the slight observed 
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changes in the molecular solution volume of camphor in alcohol 
are more probably due to variations in the density of the alcohol 
brought about by the solution of the camphor in it. 

The curves for rotatory power in ethyl acetate and acetone 
resemble one another very closely; the values of the refractive 
expression (n?—1)(m?—1+1/a) are also very close; the scale on 


Fie. 1. 


| 


40 p. 60 


I. Camphor in acetone. 
If. ethyl acetate. 
»» alcohol. 
IV. benzene. 
V. isobutyl alcohol. 
VI chlorobenzene. 


which the curves were drawn was not sufficiently fine to dis- 
criminate between the two. The constant (n?—1)(m?—1+1/a)/[a] 
shows, on the whole, good agreement. On passing from ethyl 
acetate to acetone, the values of this constant and of a change 
only slightly, whilst [a] changes perceptibly ; in other words, change 
of solvent here produces almost the same effect on [a] as on 


PEACOCK: ROTATORY POWER AND REFRACTIVITY. PART IL 1557 


(n?—1)(n*-—1+1/a); it is thus apparent that the same cause is 
probably operating in producing the effect on both rotatory power 
and refractivity, and an explanation which would cover one must 


Fia. 2. 


Camphor in acetone. 
», ethyl acetate. 
»> 3  @lcohol. 
», benzene. 
,, chlorobenzene. 


also cover the other. The following explanation is tentatively 
suggested. Acetone and ethyl acetate possess refractive indices 
which are very near in value, so that the difference in behaviour 
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of the two solvents is probably not due to a shift in the absorption 
band of camphor. Acetone itself possesses an absorption band 
which may be sufficiently near the D-line to lower the value of the 
rotatory power. If this were so, then the values of the constant 
(n?—1)(n?—1+1/a)/[a], calculated for acetone solutions without 
reference to absorption, should not give such good agreement as 
those for ethyl acetate solutions; the actual results do not show 
this. A further test of this explanation is that if it is true, then 
the rotatory power of camphor in acetone for light nearer the ultra- 
violet should still more greatly differ from that for camphor in 
ethyl acetate. On this view, then, the effect of the solvent is not 
to disturb the symmetry of the solute molecule, but to influence 
the whole of the forces in the medium, giving rise to the optical 
phenomena. 

Solutions of camphor in benzene possess a refractivity which 
diminishes with increasing concentration, but, unlike the case of 
borneol, the value of the expression (m?—1)(m?—1+1/a) is un- 
changed in sign; solutions of camphor in chlorobenzene behaved 
in a similar manner. The values of the constant 

(mn? —1)(n?-—1+1/a)/[e] 
obtained for the benzene solutions varied more than is usual, sug- 
gesting that the effect due to the absorption bands of benzene is 
not negligible, or else that some other factor, such as association, 
is coming into play. For chlorobenzene the agreement is much 
better. 

In dilute solutions in benzene, camphor shows a very distinct 
fall in rotatory power; chlorobenzene solutions exhibit this 
behaviour, but to a less marked extent. Patterson (T., 1902, 81, 
109) obtained similar results from solutions of ethyl tartrate in 
benzene, toluene, etc. Reference has already been made to this 
behaviour, and the possibility of its explanation on the basis of 
a change in the value of a from that characteristic of the solvent 
to that characteristic of the solution. 

The curve for solutions of camphor in isobutyl alcohol also shows 
a marked fall in rotatory power at low dilutions; the rest of the 
curve is normal in appearance, but when the value of a was calcu- 
lated from the rotations for concentrations p=46'148 and 
p=4°9447, a positive result was obtained, in opposition to all other 
previous results. On using the rotatory powers obtained at other 
concentrations, no constant value for a was obtained ; it depended 
on the pair of values used for the calculation. It is apparent that 
solutions of camphor in isobutyl alcohol, although giving a rota- 
tion curve normal in appearance for medium concentrations, yet 
do not obey the usual connexion between rotatory power and re- 
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fractivity ; Patterson (T., 1901, 79, 47) found that ethyl tartrate 
in isobutyl alcohol behaved somewhat abnormally in exhibiting a 
well-marked minimum of rotatory power; the results with camphor 
indicate that this effect is in part characteristic of the solvent; it 
is true that camphor solutions do not exhibit a minimum of rota- 
tory power, but their optical properties are clearly abnormal. The 
molecular solution volumes obtained for the higher concentrations 
are normal, so that the peculiar effect of isobutyl alcohol is not 
apparent there. 

On extrapolating the curves to p=100, the following values for 
rotatory power are obtained for the solvents indicated: alcohol, 
51°6° (n=1°63); acetone, 54°9° (n=1°45), ethyl acetate, 54°7° 
(n=1°44); benzene, 53°99 (n=1'54); chlorobenzene, 542° 
(n=1-46). The figures in brackets indicate the values of the re- 
fractive index calculated from the value of the constant 
(n2—1)(n?—1+41/a)/[a]. Since a at p=100 may not be the same 
as that found, much reliance cannot be placed on these numbers, 
but ultimately this method of attack may supply trustworthy 
values of refractivity. 

Theoretically, it is possible to calculate the value of a from the 
refractivity alone, but the calculation involves small differences in 
refractivities ; those given in the present.paper are perhaps hardly 
accurate enough for this purpose. This method of arriving at the 
value of a, and so of (n?—1)(n?—1+1/a), would be useful for such 
solutions as camphor or ethyl tartrate in isobutyl alcohol; their 
abnormal behaviour may be due to lack of constancy in a, or 
otherwise it is possible that over part of the curve the rotatory 
powers are proportional to the refractivity expression; it could 
then be seen whether the aberrations were due to increased con- 
centration of solvent or solute. 


Bromocamphor, C,,H,;OBr. 


The sample used in this investigation was supplied by Dr. J. 
Read. It was purified by crystallisation from light petroleum. 
The results obtained are given in the following tables and curves: 

The solutions of bromocamphor show slightly better agreement 
for the relation between rotatory power and refractivity than those 
of camphor as the values of the constants show. Dilute solutions, 
as with camphor, give usually values of rotatory powers lower than 
those expected from the refractive index, indicating, perhaps, a 
change in the value of a. The greatest rotations were shown by 
solutions in acetone, those in ethyl acetate having slightly smaller 
values; this behaviour is opposite to that of camphor, and suggests 
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that the absorption-band explanation there outlined is not the true 
one. 
The rotatory powers of solutions in alcohol and ethyl acetate 


-< ] 
| 


146-6, a. ve 


126-3{_|/” 


/ | 


40 p.. 60 


Bromocamphor in acetone. 
», ethyl acetate. 
»» 9» alcohol. 
»» benzene. 


differ distinctly, but the values of the constants 

(n? —1)(n?-—1+1/a)/[a] 
and of a are almost identical. It seems, therefore, that the altera- 
tions in rotatory power are to be ascribed to changes in the optical 
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properties of the medium, and not to a deformation of the active 
molecule; the latter explanation would imply a change in J, and 
therefore lack of constancy in the expression 
(nm? —1)(m?-1+1/a)/[a]. 

The observed changes in molecular solution volume in passing 
from one solution to the other may therefore be due to changes in 
the solvent. 

For the solutions of bromocamphor in benzene, an attempt was 


. Bromocamphor in acetone. 
»» ethyl acetate. 
»» » alcohol. 
»» benzene. 


made to calculate the value of a from refractivities alone. This 
involves small differences in the measured quantities, and so the 
errors are greatly multiplied. The value obtained for a was 
—0°716, whereas that calculated from rotatory powers was —1°09; 
the agreement, considering the experimental difficulties, is not 
bad. The solution of bromecamphor in benzene is peculiar in that 
it gives a positive value for the expression (?—1)(n?—1+41/a); 
the rotatory power is again the lowest in the solvents examined; 
this result is in accordance with the views expressed previously. 
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Ethyl Tartrate, CgH,,O,. 


This was prepared in the usual way, and purified by distilla- 
tion under diminished pressure. It had d? 1°2041 and n, 1°4454. 
In the following tables and curves are given the experimental 
results : 

TaBLe XII. 


isoButyl Alcohol. 


p- . n>, 
4510 ‘ 13960 
27°278 , 1-4044 
50°315 5 1°4157 0-9622 
65°578 . 14240 1-0247 
83-960 : 1°4353 1-1114 


TaBLeE XIII. 
Butyl Alcohol. 


5°3231 1:3997 08206 (188-0) 
23-106 1:4067 0°8730 7: 174°1 
43-638 : 14148 09425 97 172°1 
59°440 . 1°4228 1-0043 3°86 171°5 
80-990 1-4339 1/1000 


Fra. 5. 


sae an 


I. Ethyl tartrate in butyl alcohol (n.) 
II. ia = », isobutyl ,, 


Patterson (loc. cit.) examined solutions of ethyl tartrate in 
isobutyl alcohol, and found a minimum of rotatory power. Livens 
(Joc. cit.) points out that the simple expressions for the change of 
rotatory power with concentration would not indicate a minimum 
until the rotatory power had first changed sign. Therefore, in the 
two solvents here examined, where this condition is disobeyed, it 
would be expected that the general connexion between rotatory 
power and refractivity, based on the same theoretical considera- 
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tions, would also fail to hold. This was actually found to be the 
case; for isobutyl alcohol solutions, two calculations for a gave 
values —0°5870 and 1°6556; for butyl alcohol solutions, two values 
were —0°7535 and —0°4164; for bromocamphor in acetone, two 
sets of calculations gave a= —0°508 and —0°489, in quite close 
agreement. Solutions of ethyl tartrate in butyl alcohol do not 
seem to have been previously examined; it will be noticed that 
they exhibit a shallow minimum of rotatory power. 

A consideration of the curves for rotatory power and concen- 
tration suggests that in most cases the value of the rotatory power 
in dilute solutions differs considerably from that for solutions of 
moderate concentrations. The investigation of the rotatory powers 
of very dilute solutions is usually not susceptible of great accuracy, 
as the quantities to be measured are so small, but if a substance 
of high rotatory power, such as bromocamphor (or perhaps some 
of the more complicated derivatives of camphor), were used, then 
results of interest would be expected (compare Patterson, T., 1901, 
79, 47, etce.). The curves connecting concentration with the 
quantity (n?—1)(n?—1+1/a) show no similar aberrations in dilute 
solutions; reference has already been made to this behaviour. 
Comparison of the various series of curves shows no regular con- 
nexion between the value of [a] and of (n?—1)(n?—1+1/a); 
alcoholic solutions of camphor possess rotatory powers approxi- 
mating to those of benzene, but give the largest value of 
(n2—1)(n2—1+1/a). Solutions of bromocamphor in benzene give 
values of the refractivity expression actually opposite in sign to 
those for other solutions; perhaps this may be regarded, not as an 
actual change in sign, but as a reduction in value with respect to 
a distant origin; the real values of (n*—1)(m?—1+1/a) may all be 
of the same sign, but those for benzene solutions—as in the case 
of camphor—less than the values for other solvents used. This 
would also explain the case of borneol (Part I, loc. cit.). 

At present it does not seem possible to deduce from the value 
of (m?—1)(n?—1+1/a) for a solution the value of [a]; the effect 
of change of solvent is not always the same on the two quantities. 
When the concentration only is varied, then in nearly all cases the 
values of [a] and of (n*—1)(m?—1+1/a) are directly proportional, 
so that from the form of the curve for the refractivity expression 
the form of the concentration-rotatory power curve for moderate 
concentrations can be predicted. 

According to equation (4), we have 

2 2 2 
(mn? —1) (n?-1+1/a) | _ “ we 
2] — as 
es 
5 c* 
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where & is a numerical constant not involving a, 6, etc. There- 
fore the value of the left-hand expression, which may be denoted 


by [A], is inversely proportional to &'- — ; the latter is directly 
Mg ~P 

proportional to [a] (equation 2). In the following tables are given 

the values of a, [A], [a] at concentration p=20°10 (by extrapola- 

tion from the curves), and of nm for the solvents concerned : 


TaBLe XIV. 


n {a](p=20 

Substance. Solvent. ee [A]. per cent.). 
Camphor Acetone 1-3571 + 1°03 x 10-* 51°0 
Ethyl acetate ... 1°3704 : 52°5 
Alcohol 1-3599 +147 44°7 
Benzene ............ 1°4996 “4. 43°7 
Chlorobenzene ...  1°5246 + 0°66 43°4 
Bromocamphor Acetone 1-3571 +0°338x10-3 144-1 
Ethyl acetate ... 1°3704 , + 0°364 142°8 
Alcohol ............. 1°3599 ‘ +0°372 138°6 
Benzene 4996 ‘97 —0°149 125°0 


The values of a and of all quantities deduced from them are 
probably liable to much greater errors than the other data, as 
their calculation depends on small differences in the squares of the 
refractivities ; the refractometer used measured to the fourth place, 
and the differences concerned were often in the third place, so that 
errors were greatly multiplied; an instrument measuring to the 
fifth place would be more useful in this connexion. For acetone 
and ethyl acetate solutions, the values of a do not greatly vary; 
the limits are wider for alcohol and benzene. If the values given 
for borneol (Part I, loc. cit.) are referred to, it will be noticed that 
alcohol, acetone, and ethyl acetate lie within the limits for camphor 
and bromocamphor, whilst benzene is slightly greater. Since 
borneol, camphor, and bromocamphor are related substances, this 
might be expected. Cinchonicine and benzoylcinchonicine give 
values of a differing much more widely; a therefore seems to 
depend both on solvent and solute. 

According to equation (6), the value of [A] is inversely pro- 
portional to 7’ and 6. A knowledge of 6 would be useful as a 
basis for the investigation of the effect of constitution on rotatory 
power, which is complex, involving several other quantities than bd. 
Again, when a solvent is varied, the value of [a] for an active 
solute may be changed either (1) by alterations in the degree of 
asymmetry of the molecule brought about by association, etc., or 
(2) by variations in the velocity of light in the medium. Thus, if 
[A] remains constant on passing from one solution to another, it is 
probable that any changes in [a] are due to the second of the 
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previously mentioned causes; this condition is fulfilled by solutions 
of camphor in acetone and ethyl acetate, and of bromocamphor in 
ethyl acetate and alcohol. For the other solvents concerned, it 
would appear that the changes in [a] are due to some alterations 
in the degree of asymmetry of the active molecules; solution is a 
visible sign of a change in the intermolecular forces, and this is 
probably accompanied by changes within the molecule; variations 
in solubility indicate that intermolecular forces between a solute 
and series of solvents are not constant, so that the internal mole- 
cular equilibrium would also be expected to vary. 

Further work with solutes and solvents in which the effects of 
absorption are negligible may perhaps indicate the value of 6 as 
a constitutive property. This and the correlation of rotatory 
power in various solvents with the vaiues of a, b, etc., must be left 
over. At present, only the fringe of the subject has been touched. 


In conclusion, the author wishes to thank the Nobel’s Explosives 
Co., Ardeer, and Mr. W. Rintoul, F.I.C., Manager, Research Sec- 
tion, for the facilities afforded for carrying out this research and 
permission to publish the results, Dr. J. Read for the gift of the 
bromocamphor used in the investigation, and Dr. T. 8. Patterson 
for permission to repeat certain work on ethyl tartrate. 
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CLXXV.—The Nature of the Vibrations Causing the 
Colour of Dues. 
By Epwin Roy Warson and Davip B. Meex. 


Ir has been pointed out already by one of us (T., 1914, 105, 759 
et seg.) that those dyes which are quinonoid in all possible tauto- 
meric forms exhibit a deep colour, provided different benzene 
nuclei become alternately quinonoid. In the same place, it was 
also pointed out that dyes which have a long chain of alternate 
double and single bonds in the quinonoid form are generally deeply 
coloured. 

These two observations very naturally led to a suggestion as to 
the nature of the vibrations causing the colour of dyes, for the 
change from one quinonoid form to another involves the changing 
of places of double and single bonds all along the chain of conju- 

5 c* 2 
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gate double and single bonds. A pulse, something like that which 
is seen when a goods train is shunting, passes in one direction 
along the conjugate chain as the substance changes from one form 
to another, and back again as the reverse change takes place. It 
is suggested that this pulse is the vibration which causes the colour 
of dyes. It is a somewhat peculiar kind of vibration. When the 
substance is in the ionised condition, as is always the case under 
the conditions which develop the deepest and most intense colour 
of dyes, for example, in aqueous dilute acid solution of basic dyes 
or aqueous dilute alkaline solution of acid dyes, there is no vibra- 
tion of the atoms of the molecule, but only a rhythmic rearrange- 
ment of the strains in the molecule. Even when the substance 
is not ionised, the only atom which must necessarily move is the 
hydrogen atom concerned in the tautomerism.* When the mass 
vibrating is small, we have the conditions under which forced vibra- 
tions can be set up. Now, one of the most striking features of the 
absorption bands of dyes is their breadth and indefiniteness, sug- 
gesting forced vibrations. One of us is pointing out elsewhere that 
the absorption bands of dyes are frequently asymmetrical, and 
that this would be expected in the case of forced vibrations. 

In a shunting goods’ train, the time taken for a pulse to pass 
down the train is proportional to the number of waggons, provided 
the waggons are all of the same kind and equally loaded. From 
analogy we predicted that in very similar molecules the period of 
the principal vibration causing colour would be proportional to the 
length of the conjugate chain, and we have put this to the test 
of experiment, with results which support the theory. 

Pairs of substances were selected as being very similar in struc- 
ture to one another, but having conjugate chains of different 
lengths. Seven pairs were selected, and the wave-lengths of the 
maxima of their absorption bands are given in the following table: 

4 : 4’. Tetramethyldiaminobenzhydrol 
(Michler’s hydrol). 


4 : 4’-Tetramethyldiaminobenzophenone 3680+ 
(Michler’s ketone). 


4:4’-Diaminobenzhydrol ................6......6..00 5640 
4: 4’-Diaminobenzophenone 3414 


Quercetin reduction product...... .................06 6100 
Quercetin 3690 


* It seems quite possible that this rythmic rearrangement of strains might 
be going on in a molecule without the tautomerism ever actually being 
achieved, somewhat as the engine of a motor-car may be working but unable 
to set the car in motion. 

t Compare Baly and Marsden, T., 1908, 98, 2108. These investigators 
give the maximum at about A 3590. 
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Morin reduction product................cc008 ccseeeeeees 5860 
3800(?) 2650 


Apigenin reduction product 5700 
Apigenin 3410 2660 


Pyronine-G 5480 
3 : 6-Tetramethyldiaminoxanthone 3861 


3-Hydroxyfluorone ...........cceeccecccseccsecseees a 5040 
3 : 6-Dihydroxyxanthone 3810 
The absorption spectra were in all cases examined under the 
conditions giving the deepest and most intense colour, viz., the 
basic substances in dilute acid solution and the acid or phenolic 
substances in dilute alkaline solution. 
In the first two pairs of substances, the conjugate chains in the 
hydrols contain five double bonds, and in the ketones three double 
bonds: 


ry tal 
- = 7 IN 
- (CH,),N== ¥ yO wit SI N(CH 
“es J a 


3)2 
N(CH,), ~~ 


. (CH,), NH Vi NS ——C N(CHs), 
pees, Or 


Therefore, according to the hypothesis we are testing, the ratio 
of the wave-lengths of the maxima of the principal absorption 


bands in the two substances should be 5:3 or 1°6: 


Michler’s hydrol __ 6100 1-65. 


Michler’s ketone 3680 


Diaminobenzhydrol _ 5640 1-65 
Diaminobenzophenone 3414 


In the case of the flavone dyes and their reduction products 
there are several possible ways in which the molecules might 
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vibrate, but the following vibrations (the same in all three cases) 
are admissible on chemical grounds, and give the ratio 5:3, as in 
the first two pairs of substances. The absorption bands have 
nearly the same positions as in the former cases: 
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Quercetin reduction product _—_ 6100 


— = —_ = 1°65. 
Querceun 3690 


Morin reduction product _ 5860 


im reduction - sm - 1°54 (2). 


~ Morin 


Apigenin reduction product _ 5700 _ 4.67 
Apigenin 3410 


In the case of the xanthone and corresponding fluorone deriv- 
atives, the same ratio, 5:3, was expected at first. The absorption 
bands in the fluorone derivatives are, however, a good deal nearer 
the blue end of the spectrum than those of Michler’s hydrol, etc., 
whilst the principal absorption bands of the corresponding 
xanthone derivatives are in much the same position as those of 
Michler’s ketone, etc. Although unexpected, the ratio 4:3 is 
possible for these pairs of substances, and the experimental values 
agree with this ratio. 


(CH,).N 


Hy, 
S(CH,),N’ i 
vA. a): VY 


' | | 
NAN 
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(CH,),N" YN 


Pyronine-G 5480 _ 
3:6-Tetramethyldiaminoxanthone 3861 


3-Hydroxyfluorone — 5040 _ 
3:6-Dihydroxyxanthone 3810 

In the seven pairs of substances examined, the difference between 
the theoretical ratio and the experimental figures are (to the second 
place of decimals) —0°01, —0°01, —0°02, —0°12 (7%), nal, +0°08, 
and —0°01 respectively. The agreement between theory and ex- 
periment is as good as can be expected, having regard to the in- 
definiteness of absorption bands and the difficulty of determining 
the positions of the maxima with accuracy. 

The absorption bands in the visible part of the spectrum were 
examined by a Nutting spectrophotometer. In the case of the 
apigenin reduction product, a resolution of the curve was necessary, 
and this was effected by producing that part of the curve due to un- 
changed apigenin downwards parallel to that part of the original 
curve where it begins to fall again after the inflexion, and then 
deducting the absorption due to the apigenin. 

Lowry and his collaborators have shown that substances which 
cannot undergo change of structure may exhibit shallow absorp- 
tion bands in the ultra-violet (Lowry and Desch, T., 1909, 95, 
807 et seq.), but in all cases that exhibit marked absorption, for 
example, nitrocamphor, the esters of camphorcarboxylic acid, 
acyleamphors, acetylacetone, and ethyl acetoacetate, there is a con- 
jugate chain containing two double bonds in which this type of 
vibration may occur, for example: 


O 


CH, 


\O——07 


CH,-C==CH———C—0Et 


* | 
te 


In these cases, the absorption is very much greater—at least one 
hundred times—what it is in such compounds as aa-dibromocamphor 
and aa-bromomethyleamphor, which show absorption, although 
they cannot conceivably undergo change of structure. It is 
interesting to note that in these compounds the wave-length of the 
maximum of the absorption band is about what we should calcu- 
late for a conjugate chain containing two double bonds, 
= x 6000=2400. The absorption band for ethyl acetoacetate lies 
about A 2400—2500. 

Lowry and Desch have also shown (loc. cit.) that in some cases 
isomeric change does not produce any characteristic band, for 
example, the dynamic isomerism of nitrocamphor in acid solution : 

O 
C==NnZ0 H 


4 


CoH 


\c-—-0 : \o—o 


In this case, however, there is no conjugate chain, or at any rate 
only a chain of one double and one single bond, and the oscilla- 
tion from the one form to the other would be so rapid (roughly, 
\ 1200) that the corresponding absorption band would lie quite 
outside the range of the quartz spectroscope. 

Until recently, the general view as to the relation between con- 
stitution and absorption spectra seemed to be that the absorption 
bands of dyes were those of the parent substances, moved towards 
the red end of the spectrum by the introduction of chromophores 
into the molecule, and strengthened, and probably also moved 
towards the red, by auxochromes (Hartley, T., 1887, 51, 154; 
Tuck, T., 1907, 91, 449; 1909, 95, 1809; Meyer and Fischer, Ber., 
1913, 46, 82). It was left rather indefinite as to what should be 
considered the parent substance of any particular dye, for example, 
in the case of the triphenylmethane dyes, either fuchsone or tri- 
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phenylmethane or benzene might equally well be regarded as the 
parent substance. Tuck, in the course of his investigation on 
hydroxyazo-dyes, at one time recognised the band of hydroxyazo- 
benzene as that of phenol moved towards the red by the influence 
of the benzeneazo-group, and at another time regarded it as that 
of azobenzene shifted by the hydroxyl group. It scarcely seems 
possible for it to be both. Take, again, the anthraquinone dyes. 
If benzene is regarded as the parent substance, they should all 
have seven bands, or if anthraquinone is taken as the parent, they 
would all be expected to have the bands of that substance. 
Anthraquinone itself has two or three bands, according to the 
solvent in which it is examined (Baly and Stewart, T., 1906, 89, 
511; Meyer and Fischer, Ber., 1913, 46, 89), and there are 
hydroxy-derivatives which in some circumstances show only one, 
others which show two, three, and four bands (Meyer and Fischer, 
loc. cit., pp. 74 et seq.), so that it requires the liveliest imagina- 
tion to recognise the bands of any derivative as those of the parent 
substance. Even in cases in which there is a superficial re- 
semblance between the absorption curves of two substances, for 
example, fuchsonimonium chloride and Doebner’s violet (Meyer 
and Fischer, loc. cit.), the resemblance is only superficial. The 
different bands are not all shifted to the same extent, nor do they 
retain the same relative intensity. Analysis of the curves given 
by Meyer and Fischer shows the following: 


Fuchson- 
imonium Doebner’s 
chloride (A). violet(A’). A’-A. A‘/A. 
Maximum of absorption band (1) 430 565 135 1-311 
Ditto. (2) 330 400 70 1-212 
Ditto. (3) 260 305 45 1173 


Fuchson- Relative intensity 
imonium Doebner’s of bands in two 
chloride. violet. substances. 
Concentration at which band 
first appears 80 
Ditto (2) 5000 400 
Ditto (3) 800 450 


It is therefore difficult to see how the bands of the one sub- 
stance can be identified with those of the other. 

Baly has recently (Phil. Mag., 1914, [vi], 27, 632; 1915, [vi], 
29, 223 et seg.) brought forward a theory, according to which 
the positions of the absorption bands of a substance in the visible 
and ultra-violet parts of the spectrum can be calculated from its 
bands in the infra-red. From some of the infra-red bands of 
benzene he has calculated the positions of some of the ultra-violet 
absorption bands of benzene vapour, and obtained wonderful 
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agreement with the observed values. According to Baly, the 
absorption bands in the violet and ultra-violet have frequencies 
which are integral multiples of the frequency of a band in the 
infra-red. In examples which he gives, this integral multiple is 
as high as 15, and the frequency of the band in the infra-red as 
low as 258, for example, the luminescence, phosphorescence, 
fluorescence, and absorption bands of p-xylene are analysed as 
257 x 8, 257 x 10, 257 x 14, and 257 x 15. 

It was thought that this theory might be tested on the anthra- 
quinone dyes, of which the absorption spectra have been described 
by Meyer and Fischer (/oc. cit.). The bands may be analysed 
with a fair degree of accuracy as follows (figures are 1/A divided 
by 10): 

Anthraquinone (expt.)......... 310 325 376 400 


Ditto ees 320 380 400 
Ditto . , 20 x 16 20x19 20 x 20 


Erythroxyanthraquinone (expt.) ......... 205 328 377 
Ditto 5 ete 205 328 369 
Ditto 4 ree 415 41x8 41x9 


m-Hydroxyanthra- 

quinone (expt.).. 200 245 330 358 423 
m-Hydroxyanthra- 

quinone (calc.).. 196 244 326 358 424 
m-Hydroxyanthra- 

quinone (cale.).. 16¢-3x12 16315 16319 163 x 20 16°3 x 22 16°3 x 26 


i 


: ; ¢ ——, =_—_——,, ——e ec, ee 
Alizarin (expt) 160 162 180 193 200 303 312 372 376 385 
Ditto (calc.) 162 189 202 310 378 
Ditto (calc.) 13°5 x 12 13°5x 14 13°5x15 13°5~x 23 13°5 x 28 


The details need not be given for the remainder: 


Anthraflavin x [9, 10, 11, 13, 15] 
isoAnthraflavin 19°5 x [10, 13, 15, 17] 
Anthrarufin .................. 197 x [9, 10, 16, 19] 
Quinizarin 16°2 x [10, 11, 12, 19, 23] 
Anthragallol.................. 23°56 x [8, 9, 10, 15] 
Purpurin ............0....... 164 x [1l, 12, 19, 22}. 

The absorption bands in the infra-red are not known, but as 
most organic substances seem to possess a considerable number of 
bands in this region, it would probably be possible to select infra- 
red bands to which the visible and ultra-violet bands could be 
referred. 

Baly’s theory is so full of resources that he need not confine 
himself to one band in the infra-red. If v, v;, vo, ete., are fre- 
quencies of infra-red bands, his theory allows of bands nv+v,, 
nvtvo, etc. (where n may be any positive integer). Considering, 
also, the indefinite character of most absorption bands, and the 
difficulty of determining the positions of the maxima with any 
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accuracy, it is obvious that Baly’s theory can be made to account 
for any band whatever. An error of 100 units is possible in deter- 
mining the frequency of the maximum of an indefinite absorption 
band, whilst if the bands in the visible and ultra-violet are re- 
ferred to an infra-red band of about 10, theory will allow of 
bands throughout the whole spectrum at intervals of 100. 

Before it can be of any use in explaining the colours of sub- 
stances under definite conditions or predicting the colours of sub- 
stances which may be synthesised, it will be necessary to know (1) 
the relation between constitution and position of the absorption 
bands in the infra-red ; (2) which bands in the infra-red will have 
correlated bands in the visible and ultra-violet ; (3) which integral 
multiples of the frequency of the infra-red band will represent the 
bands which appear under certain conditions, for example, why, 
in the case of pxylene, we have 257 x8, 25710, 257x 14, and 
257 x 15, but not 257 multiplied by 7, 9, 11, 12, or 13, and why the 
multiple 8 should be prominent for cathodoluminescence, 10 for 
phosphorescence, 14 for fluorescence, and 15 for absorption. The 
theory leaves so much undetermined that it is not necessarily con- 
tradictory to the theory advanced in this paper. 


ExPERIMENTAL. 


4: 4!-Diaminobenzophenone was obtained by decomposing 
rosaniline by boiling with concentrated hydrochloric acid (Ber., 
1886, 19, 108), and the corresponding hydrol by reduction with 
sodium amalgam (Wichelhaus, Ber., 1889, 22, 788). Wichelhaus 
had not observed the magenta colour which is obtained on adding 
dilute acid to the hydrol. Both in this case and that of Michler’s 
hydrol the deep colour is only fully developed in very dilute acid 
solution, for example, in dilute hydrochloric acid. The colour is 
destroyed on increasing the concentration of the acid, especially 
rapidly in the case of diaminobenzhydrol. An obvious explana- 
tion of this is that the substance becomes hydrated and non- 
quinonoid. The statement that Michler’s hydrol dissolves in acetic 
acid with a blue colour appears to be incorrect, but a trace of 
mineral acid would cause the colour. 

The reduction products of the flavones were obtained by the 
method described by one of us (T., 1914, 105, 389) for quercetin. 
After reduction with sodium amalgam in hot alcoholic hydrochloric 
acid solution, the reaction mixture was diluted with water to make 
the strength V/1000 or V/500, and was made alkaline with a few 
drops of potassium hydroxide solution just before it was examined 
spectroscopically. The absorption curves show that Willstatter 
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and Mallison (Sitzwngsber. K. Akad. Wiss. Berlin, 1914, 769) were 
correct in supposing that the reduction product obtained in this 
way is largely mixed with unchanged flavone, but this does not 


Fic. 1 


—— ————. Michler’s hydrol. N/10,000 alcoholic solution with 4 mols. HC1 
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Quercetin reduction product, N/i000 solution in aqueous KOH. 
—-+ Morin ” ” ” ” ” ” KOH. 
-+ Apigenin = N/500 >» KOH. 


prevent the determination of the maximum of the absorption band 
of the reduction product, although it may somewhat impair its 
accuracy. As the reaction mixture was gently boiled during re- 


1578 NATURE OF THE VIBRATIONS CAUSING THE COLOUR OF DYES. 


duction, any substance of the nature of the allocyanidin described 
by Willstatter and Mallison (Joc. cit.) would be destroyed. Accord- 
ing to these investigators, the quercetin reduction product is 
cyanidin, the colouring matter of the cornflower. An attempt to 
isolate the cyanidin, according to their instructions, was not 
successful. 

3:6-Tetramethyldiaminozanthone was obtained by oxidising 
pyronine-G with alkaline potassium ferricyanide (J. pr. Chem., 
1896, [ii], 54, 217); 3-hydrozyfluorone by the oxidation of 
diresorcinylmethane by warm concentrated sulphuric acid (Ber., 
1894, 27, 2888); 3:6-dihydroryranthone (isoeuxanthone) by dis- 
tilling dry resorcyclic acid and acetic anhydride (Ber., 1885, 18, 
1986). 

The conditions under which the absorption spectra were ex- 
amined have already been mentioned. In almost all cases the 
solvent used was alcohol, but water was used for the reduction 
products of the flavones and for 3-hydroxyfluorone, owing to the 
sparing solubilify of the potassium salts in alcohol. That the 
change of solvent had very little effect was shown in the case of 
3-hydroxyfluorone, of which the potassium salt was sparingly 
soluble—sufficient to allow the absorption spectrum to be observed 
in alcohol also. 

The absorption bands in the visible part of the spectrum were 
examined by a spectrophotometer, which is being described by one 
of us elsewhere, and the maxima taken from the curves obtained 
(Figs. 1 and 2). The positions of the bands in the ultra-violet 
were determined in a makeshift quartz spectroscope, and probably 
might be determined more accurately in a better instrument. (It 
is very doubtful whether the least refrangible band of morin can 
be so high as 3800, compared with quercetin at 3690. The dyeings 
obtained with the two colouring matters, as also the paler colour 
of morin itself, lead one to expect the band of morin to be more 
refrangible than that of quercetin.) 

In no case in this series was the maximum of the absorption 
band shifted by varying the quantity of acid or alkali within 
wide limits. 

Dacca COLLEGE, 
Dacca, E. Beneat, Inpta. [Received, July 16th, 1915.] 
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CLXXVL—The Effect of Additional Auxochromes on 
the Colour of Dyes. Part I. Phthalein and 
Benzein Dyes. 

By Visunu Ram Mepar and Epwin Roy Watson. 


In a previous communication by one of us (Watson, T., 1914, 105, 
766), it was noted that in some groups of dyes the colour was 
deepened very considerably by increasing the number of auxo- 
chromes, whilst in other groups very little change was produced. 
In order to gain some insight into the way in which additional 
auxochromes affect the colour, several groups of dyes are being 
systematically studied by the spectroscope and spectrophotometer. 

The present results are communicated as one of us cannot con- 
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tinue the work. Fluorescein, gallein, the dihydroxyfluorescein 
obtained by the condensation of phthalic acid with hydroxyquinol, 
resorcinolbenzein, pyrogallolbenzein, and hydroxyquinolbenzein * 
have been examined spectroscopically in alcoholic solution before 
and after the addition of potassium hydroxide, and the results are 
shown in the curves in Figs.1—4. 

* This substance was conveniently prepared by the method already 
described by one of us (Ghosh and Watson, P., 1913, 29, 9). An attempt 
to prepare it according to Liebermann, Lindenbaum, and Glawe’s method 
(Ber., 1904, 37, 1171) was not successful. 
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In both groups, the effect of increasing the number of auxo- 
chromes is to make the absorption band in the visible part of the 
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spectrum wider, and to shift the maximum a little towards the 
red. The effect is more marked in gallein and pyrogallolbenzein 
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than in the dyes derived from hydroxyquinol. Addition of alkali 
enhances the effect; also the band is seen to become shallower.* 
These results can be interpreted as due to two absorption bands 
at about A5000 and 5800 respectively, the relative strengths of 
these bands being different in the several cases. The bands are 
not seen separately, nor are there two well-marked maxima, because 
the width of the bands is considerably greater than the distance 
between the two centres. The most symmetrical bands, which, 
presumably because of their symmetry, can be regarded from this 
point of view as simple bands, do extend over considerably more 
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than 800A. In fluorescein and resorcinolbenzein, either with or 
without alkali, only the band at A 5000 is developed, and so is this 
the case for dihydroxyfluorescein and hydroxyquinolbenzein in 
neutral solution, but in alkaline solutions of these latter substances 
the band at 45800 also appears. This second band is developed 
to about the same extent in gallein and pyrogallolbenzein in 


* Resorcinolbenzein in alkaline solution shows two absorption bands in 
the region of A 5000. In the similar cases of alizarin and purpurin in alkaline 
solution it has been found that the separation into two bands almost dis- 
appears when the absorption is studied quantitatively by a spectrophoto- 
meter, and probably the same would happen here. It appears that the naked 
eye is apt to exaggerate very small differences in a part of the field where 
there is almost total absorption. 
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neutral solution as it is in the hydroxyquinol derivatives in the 
presence of alkali, whilst in alkaline solution the pyrogallol deriv- 
atives develop it still more strongly, and the band at A 5000 be- 
comes much weaker. These two bands may be due to two different 
tautomeric forms of the substances which are present in different 
proportions under different conditions, or they may be due to two 
different modes of vibration of the dye-molecules which only exist 
in one form. The occurrence of two hydroxyl groups in the 
o-position with respect to one another is favourable for the develop- 
ment of the band of higher wave-length. Phloroglucinolphthalein 
dissolves in alkali with an orange-red colour. 

The interpretation of these results only became obvious in the 
light of a more quantitative investigation of the absorption bands 
of the polyhydroxyanthraquinones, the results of which will 
shortly be communicated. Owing to the indefiniteness of the edge 
of a band as measured in an ordinary spectroscope, it is not worth 
while to attempt any more accurate analysis of the curves given 
in this paper, but these substances will be examined with the 
spectrophotometer at an early date. 


Dacca COLLEGE, 
Dacca, E. Benoa, Inpra. [Received, July 16th, 1915.] 


CLXXVII.—The Thermal Decomposition of Hydro- 
genated Aromatic []lydrocarbons. 


By Davip Trevor Jones. 


In the course of an investigation on the constitution of coal (Jones 
and Wheeler, T., 1914, 105, 140, 2562), a series of parallel ex- 
periments was carried out by the present author with the object 
of comparing the manner of decomposition of hydrogenated 
aromatic hydrocarbons with that of coal and coal distillates. By 
reason of the small quantities of liquid distillates obtainable from 
coal by the method of experiment employed, comparison was 
chiefly made with the gaseous products of distillation of coal, more 
particularly as to the temperature required for decomposition. 
The conclusions arrived at, so far as their bearing on the constitu- 
tion of coal is concerned, have already been discussed (loc. cit.), 
and the author hopes to make a communication shortly of the 
results obtained with the coal distillates. The results obtained 
with hydrogenated aromatic hydrocarbons, and their bearing on 
the constitution of this class of compound,. form the subject of the 
present paper. 
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The substances examined were cyclohexane, methylcyclohexane, 
and di- and tetra-hydronaphthalene. These were decomposed 
thermally in contact with porous porcelain, the temperature being 
raised slowly until the decomposition point was reached. 

It was found that: (1) cyclohexane, methyleyclohexane, and 
tetrahydronaphthalene all began to decompose at approximately 
the same temperature, namely, between 490° and 510°; (2) dihydro- 
naphthalene decomposed at about 390°; (3) in all four cases, 
having regard to the comparatively low temperatures of decom- 
position, the percentage of hydrogen in the resulting gases was 
high, varying between 40 per cent. for the cyclohexanes and 80 per 
cent. for the hydrogenated naphthalenes. 

These results are of interest when compared with those obtained 
by other investigators with open-chain paraffins and aromatic 
compounds. Haber, for instance (Ber., 1896, 29, 2691), has 
pointed out the difference in behaviour between these two classes 
of compounds when subjected to thermal decomposition. Whereas 
with paraffins of more than two carbon atoms, scission takes place 
between carbon and carbon, with aromatic hydrocarbons it takes 
place between carbon and hydrogen. Haber quotes as examples 
benzene and n-hexane. Benzene decomposes with some difficulty 
when heated, with loss of hydrogen and formation of diphenyl; 
hexane decomposes with greater ease, the bond between two end 
carbon atoms being ruptured, with the result that amylene and 
methane are formed. 

The results obtained with the cyclohexanes, which on decom- 
position yield gaseous mixtures containing 40 per cent. of hydrogen, 
afford a striking contrast to those obtained with hexane and the 
higher paraffins generally, from which little or no hydrogen is 
formed (Haber, loc. cit.; Thorpe and Young, Proc. Roy. Soc., 
1873, 21, 184).* 

A further interesting comparison is that provided by cyelo- 
propane. Ipatiev and Huhn (Ber., 1903, 36, 2003) have shown 
that this hydrocarbon, when heated at 370°, undergoes decomposi- 
tion without the intervention of a catalyst, the decomposition 
involving rupture of the ring, with the formation of propylene. 
This rupture must necessarily take place at a bond between two 
carbon atoms: 

\" CH,:CH°CH 
if — (CH-CH- -—> CH,:CH°CHs. 
oon, (CH,-CH,CH,) 2 , 

* Haber only applied his generalisation to aliphatic hydrocarbons contain- 

ing more than two carbon atoms in the molecule. Bone and Coward 


have since shown (T., 1908, 98, 1202, 1211) that ethane at a temperature 
of 675° decomposes primarily into hydrogen and the fugitive :CH, residue. 
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The fact that this rupture takes place at so low a temperature 
as 370° is readily explicable if the view be accepted that a con- 
siderable strain exists in the three-carbon ring, and in consequence 
there exists a predisposition for the molecule to open out to a 
chain. Although in the cyclohexanes the strain is less than in 
the cyclopropanes, it is greater than in the paraffins, which must 
be regarded as free from strain in the sense in which the term is 
here used. It might therefore be expected that there exists in 
cyclohexane a tendency for decomposition to take place between 
carbon and carbon as pronounced as, or more pronounced than, is 
found in the case of hexane, and that the tendency to eliminate 
hydrogen would be almost the same. 

Contrary to expectation, it is found that with the cyclohexanes 
there is a marked tendency to eliminate hydrogen. There must, 
therefore, be some fundamental difference btween these hydro- 
carbons and the open-chain paraffins in so far as the stability of 
their carbon-hydrogen linkings is concerned. 

The distinction between these two classes of hydrocarbons is 
made apparent by the results of Zelinski (Ber., 1911, 44, 3121), 
from which it would also appear that hydrocarbons of five- or 
seven-carbon ring-systems resemble paraffins rather than cyclo- 
hexanes as regards the stability of their carbon—hydrogen linkings. 
Zelinski shows that whereas cyclohexanes readily part with their 
hydrogen when in contact with palladium at temperatures between 
200° and 300°, »-hexane, the cyclopentanes, and the cycloheptanes 
remain unchanged. We are thus driven to infer that the cyclo- 
hexanes, hydrogenated naphthalenes, and, we may presume, hydro- 
genated aromatic compounds generally, retain in some form or 
other their aromatic structure, or that they possess some form of 
linking differing fundamentally from that of other carbocyclic and 
open-chain systems. 

These structural differences cannot be expressed by ordinary 
graphic formule, which are based on the assumption that the four 
carbon valencies are permanently equal. If the CH,-groups of an 
open chain or of a five- or seven-carbon ring be represented by 

H H 


the graphic formula -C- , the CH,-group of a six-carbon ring 
must be represented by some other graphic formula in which one 
or both of the carbon—hydrogen bonds are represented as having 
some other value than that ordinarily assigned to them. That 
hydrogenated benzenoid hydrocarbons cannot, however, be re- 
garded as retaining an aromatic structure almost intact, with six 
extra atoms of hydrogen loosely attached, is demonstrated by the 
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fact that scission of the carbon-carbon bonds takes place appar- 
ently with much the same ease as the scission of the carbon— 
hydrogen bonds, as deduced from the .presence of ethylene, 
methane, etc., in the gaseous products of decomposition. 

The author has not yet made a systematic study of the solid 
and liquid products of decomposition, since this lay outside the 
original aim of the experiments. It was found, however, that 
much naphthalene was formed during the decomposition of the 
hydrogenated naphthalenes, and it was also proved that benzene 
was formed in relatively large quantities during the decomposition 
of cyclohexane at 550°. This benzene must necessarily have been 
formed directly from the cyclohexane by loss of hydrogen in one 
or more states.* 1 

Comparison with the results of other investigators (D.R.-P. 
241895) suggests that the most probable course of the reaction 
would be for the cyclohexane first to lose two atoms of hydrogen 
and form cyclohexene, which then decomposes in two ways, yield- 


ing benzene and butadiene. 
CH,:CH:CH:CH, +CH,:CH, 


EXPERIMENTAL. 


The apparatus in which the decompositions were carried out 
consisted of a bulb of hard glass about 36 cm. long and of 3 cm. 
internal diameter. The delivery tube, B (see diagram), attached 
to this was of 1 cm. bore and 30 cm. long; it was connected by 
means of the hard-soft glass joint, C, to a T-piece, D, fitted with 
three control taps, #,, #., Fs, and capable of being attached by 
means of a ground-glass joint, G, to a manometer, H. By means 
of the limb F, attachment was made to an automatic Sprengel 
mercury pump. 

To carry out an experiment, the delivery tube, B, was broken, 
and the bulb, A, two-thirds filled with freshly ignited porous 
porcelain. The broken portions of the apparatus, with the mano- 
meter disconnected, were fixed horizontally, and a sealed glass 


* The circumstance that acetylene was only found in traces in the gases 
would preclude the possibility of benzene having been formed synthetically 
from this gas. 
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capsule containing about 0°l gram of the liquid under examina- 
tion inserted in the delivery tube. The two parts of the apparatus 
were then joined at the blow-pipe, the capsule being caused to 
remain in the neck of the bulb. The bulb was then fixed hori- 
zontally in an electric furnace and tap £F, 
closed, whilst taps #, and Z, were left open, 
and connexion made through F with the 
automatic Sprengel pump. The temperature 
was then raised to 520°, and all air pumped 
out from the porcelain. After the apparatus 
had cooled, tap 2, was closed, and F dis 
connected from the pump. The apparatus 
was then removed from the furnace and 
shaken until the sealed capsule containing 
the liquid was broken. It was then fixed 
vertically in the furnace, the manometer 
was attached at G, and while Z, was still 
kept closed, #, and F, were opened, and the 
T-piece, D, again exhausted through F by 
means of the Sprengel pump. Tap Z, was 
then closed and F, opened, and the heating 
of the furnace started. The temperature 
was raised slowly, and the point at which 
expansion began was noted. 

The heating was continued at a tempera- 
ture slightly above that at which decomposi- 
tion began, until expansion ceased or became slow. The apparatus 
was then allowed to cool, the tap Z, opened, and the gases removed 
through the pump and collected. 

By means of this apparatus it was possible to observe with 
fair accuracy when decomposition, as indicated by expansion, 
began to take place. 

As the apparatus was fixed vertically, there was a continual 
reflux condensation of the original liquid, while, at the same time, 
the relatively large amount of dead space provided by the delivery 
tube allowed of the diffusion of a large portion of the primary 
gaseous products from the hot bulb, and their consequent preserva- 
tion from further decomposition. 

For analysing the gases, a Bone and Wheeler gas-analysis 
apparatus was used, the absorbents employed being sulphuric acid 
to remove benzene and the higher olefines (having more than three 
carbon atoms), ammoniacal silver chloride to remove acetylene, and 
bromine water to remove ethylene (and propylene). Hydrogen 
was determined by treatment at 96° with “oxidised” palladium 
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precipitate, and methane and ethane were determined by explosion 
analysis. 

cycloH exane.—Expansion began between 495° and 500°. The 
temperature was therefore maintained at about 500°. 

The gas formed had the following analysis: 


Per cent. 


ares olefines 
Acetylene .......... sani 


* No attempt was made to remove undecomposed cyclohexane which 
must necessarily have been present. The value given for ethane is therefore 


too high. 

That higher olefines were present in considerable quantities was 
evident from the marked blackening of the sulphuric acid in the 
absorption vessel. That benzene results from the decomposition 
was proved by slowly distilling cyclohexane over porous porcelain 
heated to 550°. The presence of benzene was demonstrated by 
nitrating and reducing the resulting nitrobenzene to aniline. The 
benzene formed about 20 per cent. of the liquid decomposition 
products. 

Methylcyclohexane.—Methyleyclohexane began to decompose 
between 500° and 510°. The temperature was maintained at 530° 
until decomposition had ceased. The gas so obtained gave on 


analysis: 
Per cent. 


Ethane ... 


1:4-Dihydronaphthalene.—This was-+ obtained by reducing 
naphthalene with sodium in ethyl alcohol. Decomposition began 
between 390° and 400°. The temperature was maintained at 
420° until decomposition appeared to be complete. Naphthalene 
was deposited in the delivery tube in such quantity as to retard, 
and ultimately stop, the reflux flow of undecomposed liquid. The 
resulting gas was found to consist mainly of hydrogen, with traces 
of higher olefines and ethylene. An explosion analysis of the gas 
showed : 


Per cent. 
Methane 


1:2:3:4-Tetrahydronaphthalene—This was obtained from 
naphthalene by the Sabatier-Senderens method (Leroux, Compt. 
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rend., 1904, 139, 672, 674). Decomposition began at 490—500°, 
and the temperature was maintained at 530°. As in the case of 
dihydronaphthalene, much naphthalene condensed in the neck of 
the apparatus. 

Analysis of the gas gave the following: 


Per cent, 


Benzene+ ee < olefines 
Ethylene eee eee 
Hydrogen 

Methane 


EsKMEALS, 
CUMBERLAND. [ Received, Sept. 28th, 1915.] 


CLXXVIIIL—The Influence of Constitution on the Basic 
Property of Oxygen. Part J. 
By Brosenpra Natu Guoss. 


Stnce the work of Collie and Tickle showed the existence of salts 
of dimethylpyrone, the idea that oxygen in carbon compounds may 
function as the nuclear atom of a basic group has become 
universally accepted. Subsequent researches have shown that 
many different types of oxygen compounds exhibit this hitherto 
unsuspected property of forming additive compounds with acids. 

A survey of the literature on the subject shows that, in spite of 
the number and variety of the observations, very little is yet 
known of the intramolecular conditions which control this property 
of oxygen. It therefore seemed that a systematic study of oxygen 
compounds from this point of view would be of interest. 

Experiments have been accordingly undertaken with a view to 
ascertain, if possible, in what manner this basic property of oxygen 
is controlled by the constitution of the molecule in which this 
element occurs. The experiments described in this paper deal 
particularly with the influence of certain unsaturated groups on 
the additive capacity of oxygen occurring in a cyclic chain. 

The experimental data refer to substances of the following 
characteristic types of six-membered ring systems: 
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Observations have been previously made with three of these 
classes of substances, namely, dioxan (II), methylenebenzpyran 
(X), and coumarin (XI), and these have now been extended. 
Since Hofmann (Ber., 1909, 48, 178) has shown that perchloric 
acid is probably the most useful reagent in obtaining stable salts 
of weak bases, this acid has been employed throughout these ex- 
periments, but in those cases where the formation of salts has been 
observed, the evidence has been supplemented by the use of other 
acids. Before proceeding to discuss the experimental evidence, it 
must be clearly understood that the data now obtained are merely 
of relative value, and that where the salt-formation is stated not 
to have taken place, the statement refers to the experimental con- 
ditions adopted throughout, and does not exclude the possibility 
of the existence of additive compounds with special reagents, such 
as mercuric chloride or hydroferricyanic acid, etc. For example, 
although dioxan (II) furnishes an additive compound with 
mercuric chloride, it does not yield a perchlorate, and for the 
present purpose may be considered to exhibit insignificant additive 
power in comparison with the diketo-derivative (V), which yields 
a definite perchlorate and hydrochloride. 

Examining, first, the behaviour of those substances which con- 
tain only one atom of oxygen in the cyclic system, it is seen that 
whilst tetrahydropyran (I) and dihydrobenzpyran (III) do not 
yield perchlorates, unsaturated derivatives, such as 1-methylene- 
1:4-benzpyran (X) and the coumarins, readily furnish stable 
additive products, not only with perchloric acid, but also with 
common mineral acids. To this series may be added fluoran, which 
has been shown by Hewitt (T., 1902, 81, 663) to give a stable 
sulphate and nitrate, dinaphthaxanthen, which has been shown by 
Fosse (Compt. rend., 1901, 188, 1218) to possess basic properties 
and also the y-pyrone group, which includes the flavone dyestuffs 
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(Perkin., T., 1895, 67, 644; 1896, 69, 206, 1439) and the well- 
known case of dimethylpyrone. 

With those substances which contain two atoms of oxygen in 
the ring, it is found that dioxan and benzdioxan do not yield 
perchlorates, in distinction from diketodioxan (V), di-a8-naphth- 
dioxin (VI), diketobenz-88-naphthdioxin (VII), ketodihydrobenz- 
dioxin (VIII), and diketodihydrobenzdioxin (IX), all of which 
give, with perchloric acid, salts sufficiently stable to be isolated. 

Now, on taking a general view of these results, it is seen that 
in the saturated parent compounds, dioxan and tetrahydropyran, 
the additive power is lacking, or, at best, is of insignificant 
character. On the other hand, more pronounced additive power 
is shown by the derivatives of those cyclic compounds, which con- 
tain groups of the so-called ‘negative’ or ‘acidic’ character, 
such as, for example, the ethylenic group, the naphthalene or 
benzene nucleus, and the carbonyl or thiocarbonyl group. The 
conclusion is, therefore, that the power of bivalent oxygen to 
form additive compounds with acids is increased by inserting 
groups of this character into the molecular structure. Examples 
of this behaviour are seen in 4-methylene-1:4-benzpyran (X), 
which, in contrast with dihydrobenzpyran (III), exhibits the 
influence of the ethylenic group. The influence of the carbonyl 
group is seen in diketodioxan (V), ketodihydrobenzdioxin (VIII), 
and diketodihydrobenzdioxin (IX), all of which form fairly stable 
salts, whilst the coumarins, the 2-thio-1:2-benzpyrans, the benzo- 
y-pyrones, and the flavones, it may be noted, contain the carbonyl 
and the ethylenic groups in the cyclic system. The influence of 
‘negative’ hydrocarbon nuclei is seen in di-a8-naphthdioxin (V1), 
fluoran, and dinaphthaxanthen, whilst in diketobenz-88-naphth- 
dioxin the influence of both the hydrocarbon nuclei and the 
carbonyl group is present; but it is interesting to observe that 
one benzene nucleus does not render the compound sufficiently 
basic to form stable salts with acids, as is observed in the mono- 
benzo-derivative of the oxygen rings III and IV. 

Many other examples might be quoted from previous observa- 
tions in support of the relation now advanced, but perhaps of 
these the most interesting are the unsaturated ketones, 

CHPh:CH-CO-CH:CHPh, 
which form salts with halogen acids (Baeyer, Ber., 1901, 34, 2682). 

Moreover, the experience obtained with the hydroxyflavones 
occurring in nature has led to the conception that those deriv- 
atives which contain numerous hydroxyl groups give more stable 
salts than those which contain few. 

It seems impossible at present to represent with the usual struc- 
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tural formule the effect exerted on the bivalent oxygen atom of 
all the various compounds mentioned by these unsaturated or 
negative groups; in fact, it appears that use must be made of the 
conception of residual affinity, but before formulating any hypo- 
thesis to account for the general phenomenon it seems advisable 
to extend the observations to other classes of compounds. 


ExPERIMENTAL. 
Diozan (Ethylene Ether) (II). 
This was prepared according to the method given by Favorski 
(J. Russ, Phys. Chem, Soc., 1906, 38, 741). Different methods 


were employed with the object of preparing salts of dioxan with 
perchloric and hydrochloric acids, but the results were negative. 


Dihydrobenzdioxin (IV). 


A mixture of 22 grams of catechol, 40 grams of ethylene bromide, 
28 grams of finely powdered, fused potassium carbonate, and 0°5 
gram of copper bronze, to which was added a small quantity of 
glycerol, was heated under reflux for seven to eight hours at 
190—200°. The contents of the flask were then rendered alkaline 
with dilute sodium hydroxide solution, and distilled in a current 
of steam, when an oil passed over with the distillate. This was 
extracted with chloroform, the chloroform solution washed with 
dilute alkali, dried, and the solvent evaporated. The residue was 
fractionated, and the portion passing over at 212—214°/757 mm. 
was collected. The yield of the product was 16 grams, that is, 
66 per cent. of the theoretical. (Found, C=70°50; H=5-90. 
Cale., C=70°59; H=5°88 per cent.) Vorlainder (Annalen, 1894, 
280, 205), who prepared this compound by heating together 
catechol, ethylene bromide, potassium hydroxide, and a little water 
in a closed tube, obtained a yield of 33 per cent. of the theoretical. 
The substance was insoluble in acids or alkalis. It had D% 1°180; 
D3 1°1831. 

The dinitro-derivative was prepared by dissolving the mono- 
nitro-compound (Vorlander, Joc, cit.) in acetic acid and then adding 
the calculated amount of nitric acid and excess of concentrated 
sulphuric acid. The mixture was heated on a water-bath for two 
hours, the clear solution poured into water, and the crystalline 
material collected, washed, and dried, when it melted indefinitely 
at 94—100°. The substance was recrystallised twice from glacial 
acetic acid, and three times from a mixture of alcohol and acetic 
acid, when it was obtained in colourless needles, melting at 
133—134° : 

5 D2 
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0°1330 gave 14°9 c.c. N, at 23° and 764 mm. N=12°6. 
C,H,O,N. requires N=12°38 per cent. 

The trinitro-derivative was prepared by adding a mixture of 
excess of nitric acid and sulphuric acid to dihydrobenzdioxin dis- 
solved in acetic acid. The clear solution was kept at the ordinary 
temperature for one hour, and then poured into water. The pre- 
cipitate was collected, washed, and crystallised from glacial acetic 
acid, when it separated in colourless needles, melting at 155°: 


0°1778 gave 25 c.c. N, at 22° and 754 mm. N=15°7. 
C,H,O,N, requires N=15°50 per cent. 

Monobromo-derivative.—A solution of 5 grams of dihydrobenz- 
dioxin in acetic acid was boiled under reflux, and the calculated 
amount of bromine dissolved in the same solvent was added during 
half an hour. Hydrogen bromide was evolved, and after twelve 
hours the solution was filtered from a small amount of a crystal- 
line solid and poured into water. The oil which separated was 
washed with water and very dilute alkali, and fractionated when 
the bulk of the product distilled at 275—276°/754 mm.: 


0°1732 gave 01523 AgBr. Br=37°4. 

C,H,0,Br requires Br=37'2 per cent. 

Three grams of the above compound were boiled with a solution 
of 15 grams of potassium hydroxide in 30 c.c. of alcohol for six to 
seven hours. The product was found to be unchanged monobromo- 
derivative, so that it was evident that the bromine atom had 
entered the benzene nucleus. 

Dibromo-derivative.—Dihydrobenzdioxin was dissolved in acetic 
acid, and excess of bromine, dissolved in the same solvent, was 
added. The mixture became warm, and, on cooling, a crystalline 
compound separated. This was collected, washed with acetic acid, 
and crystallised from alcohol, when it separated in colourless 
needles, melting at 138°: 


°0°2106 gave 0°2684 AgBr. Br=54:2. 
C,H,O,Br, requires Br=54°4 per cent. 


Di-aB-naphthdioxin (V1). 


A mixture of 1-bromo-2-naphthol and the calculated quantity 
of fused, powdered potassium carbonate with a small amount of 
copper bronze was heated for ten to twelve hours at 190—200°, 
using nitrobenzene as the solvent. A current of steam was passed 
through the mixture, and the residue was filtered and washed with 
dilute sodium hydroxide and water. The solid substance was ex- 
tracted with acetone, acetic acid, and alcohol, which solvents, on 
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evaporation, deposited a material crystallising from acetic acid in 
pale yellow needles, melting at 184—185°. The substance was not 


very readily soluble in common organic media. The yield was 
small : 

0°0745 gave 0°2302 CO, and 0°0303 H,O. C=84'30; H=4°50. 

Cy oH;,0, requires C=84°50; H=4°20 per cent. 

Ferrichloride.—To a solution of the substance in dry ether an 
excess of a dry, ethereal solution of ferric chloride was added. A 
green precipitate separated, which was collected and washed with 
ether. On heating, it did not melt, but slowly decomposed : 

0°2406 gave 0°0420 Fe,O,. Fe=12°2. 

C,)H,,0,,FeCl, requires Pe=12°5 per cent. 

The picrate was prepared by mixing saturated solutions of the 
components in benzene. It formed chocolate-coloured needles, 
melting at 156°: 

0°5462 required 15 c.c. V/10-NaOH. C,H,0,N,;=61°3. 

The perchlorate was prepared by adding perchloric acid (D 1°7) 
to a solution of the substance in acetic acid, when the required 
compound separated in purple needles: 

0°4634 required 19 c.c. N/10-NaOH. HClO,=41°2. 

CopH}202,2HC1O, requires HClO,=41°4 per cent. 


Diketodioxan (Ethylene Oxalate) (V). 


This substance was prepared by adding oxalylchloride (1 mol.) 
drop by drop to a solution of ethylene glycol (1 mol.) in pure, dry 
pyridine, the solution being carefully cooled. The mixture was 
kept at the ordinary temperature for three hours, and then poured 
into dilute sulphuric acid. The precipitate was collected, and the 
aqueous solution was extracted with ether. The residue obtained 
after evaporation of the ether, and the precipitate, crystallised 
from alcohol in colourless needles, melting at 149° (compare 
Bischoff and Walden, Ber., 1894, 27, 2945; Bischoff, Ber., 1907, 
40, 2806). 

The hydrochloride was prepared by dissolving the substance in 
fuming hydrochloric acid. The crystalline material obtained after 
evaporating the acid in a vacuum over potassium hydroxide melted 
at 152°; 

0°1190 required 12°6 c.c. V/10-NaOH. HCl=38°6. 

C,H,0,,2HCl] requires HCl=38°6 per cent. 


The hydrobromide, prepared in a similar manner, was a colour- 
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less, crystalline substance, melting and decomposing at 132°. It 
is somewhat unstable at the ordinary temperature: 


0°1824 required 13:1 V/10-NaOH. HBr=58'1. 
C,H,0,,2HBr requires HBr=58°2 per cent. 

The picrate, prepared by mixing saturated solutions of the com- 
ponents in alcohol, separated in yellow needles, melting at 115°: 

0°1021 required 3°54 c.c. V/10-NaOH. C,H,0,N,=79°3. 

C,H,0,,2C,H,0,N; requires C,;H,0;N;=79'8 per cent. 

The perchlorate was prepared in the same way as the hydro- 

chloride: 


0°2934 required 18°5 c.c. W/10-NaOH. HClO,=63°3. 
C,H,0,,HCIO, requires HClO,=63°3 per cent. 


Diketodthydrobenzdioxin (IX). 


This substance was prepared in almost the same way as diketo- 
dioxan from 11 grams of catechol and 12°7 grams of oxalyl 
chloride. The mixture, after being kept for one hour, was poured 
into water and neutralised with dilute sulphuric acid. The pre- 
cipitate was collected, and the aqueous solution was extracted 


with much ether. The product crystallised from benzene in colour- 
less needles, melting at 185°. The yield was almost theoretical 
(compare Bischoff and Hedenstrém, Ber., 1902, 35, 3452). 

Various dehydrating agents, such as phosphoryl chloride, ortho- 
phosphoric acid, and acetic anhydride were used with the object 
of condensing catechol with oxalic acid, but these experiments 
were unsuccessful. 

The picrate, prepared by mixing alcoholic solutions of the com- 
ponents, formed yellow needles, melting at 112°: 

0°2210 required 7°1 c.c. N/10-NaOH. C,H,0,N,=73°5. 

C;H,0,,2C,H,0;,N, requires C,H,0,N,=73°6 per cent. 

The sulphate, prepared in the ordinary way, formed colourless 

needles, melting and decomposing at 271°: 


0°4377 required 48°9 c.c. N/10-NaOH. H,SO,=54°7. 
C,H,0,,2H,SO, requires H,SO,=54°4 per cent. 

The hydrochloride formed colourless needles, melting at 175°: 

0°2534 required 21°3 c.c. V/10-NaOH. HCl=30°68. 
C,;H,0,,2HCl requires HCl=30°80 per cent. 

The perchlorate was a colourless, crystalline powder: 


0°2794 required 15°2 c.c. V/10-NaOH. HClO,=54'6. 
C,;H,0,,2HCIO, requires HClO,=54°06 per cent. 
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4-Hydrozy-6 : 11-diketobenz-BB-naphthdiozin, 
0 O 


si | 
YLAALNZ 
Oo O OH 


Molecular quantities of 2:3-dichloro-a-naphthaquinone and 
pyrogallol were dissolved in pure, dry pyridine, and the solution 
was heated on a water-bath until a sample, on being mixed with 
dilute sulphuric acid, yielded a product free from chlorine (about 
five hours). The solution, after cooling, was added to dilute 
sulphuric acid, and the precipitate was collected, washed, and 
crystallised from acetic acid. The compound separated in shining, 
purple needles, melting at 288°. It dissolved in acetic acid, 
pyridine, or nitrobenzene, but was almost insoluble in alcohol. 
The sodiwm salt was insoluble in water. In dry, ethereal solution 
it gave a green ferrichloride with anhydrous ferric chloride: 

0°1342 gave 0°3362 CO, and 0°0328 H,O. C=68°53; H=2°71. 

C,,H,O,; requires C=68°57; H=2°85 per cent. 

The acetyl derivative was prepared by boiling the substance 
with acetic anhydride and fused sodium acetate for half an hour. 
It crystallised from alcohol in pale, pink-coloured needles, melting 
at 154°: 

01008 gave 0°2480 CO, and 0°0296 H,O. C=67°06; H=3°26. 

C,gH,,O, requires C=67°08; H=3°10 per cent. 

The perchlorate was prepared by adding perchloric acid to a 
solution of 4-hydroxy-6 :11-diketobenz-88-naphthdioxin in glacial 
acetic acid. It separated as a dark-coloured, crystalline powder, 
which decomposed with explosive violence on heating: 

0°1351 gave 0°0802 AgCl. Cl=14°7. 

C,,H,O;,2HCI1O, requires Cl=14°7 per cent. 

The hydrochloride, prepared by adding fuming hydrochloric 
acid to a solution of the substance in acetic acid, formed a brown, 
crystalline powder, melting at 122°: 

0°4380 gave 0°3577 AgCl. Cl=19°7. 

C,,H,O0;,2HCl requires Cl=20°00 per cent. 


Ethyl o-Hydrozyphenoxyacetate, OH-C,H,-O-CH,°CO,Et. 


A mixture of 22 grams of catechol, 4°6 grams of sodium (both 
in alcoholic solution), and 25 grams of ethyl chloroacetate was 
boiled on a water-bath for three hours with occasional shaking. 
It was then poured into water, when a viscous mass separated, 
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which solidified on being washed with cold water. After crystal- 
lisation several times from light petroleum, it separated in colour- 
less needles, melting at 48°. The substance was very readily 
soluble in all the common organic solvents: 
0°1154 gave 0°2582 CO, and 0°0658 H,O. C=61°02; H=6°33. 
C)H,,0, requires C=61°20; H=6°12 per cent. 


Ketodihydrobenzdioxin (VIII). 


Three grams of the compound just described were boiled under 
reflux with concentrated hydrochloric acid for about an hour. 
The solution was neutralised with dilute sodium carbonate and 
then extracted with ether, the ethereal solution evaporated, and 
the residue crystallised from benzene, from which there separated 
colourless prisms, melting at 135°. The compound dissolves in 
alcohol or acetic acid, but is insoluble in light petroleum: 

0°1150 gave 0°2710 CO, and 0°044 H,O. C=63°80; H=4:20. 

C,H,O; requires C=64°00; H=4-00 per cent. 

The picrate, prepared by mixing concentrated solutions of the 
components in benzene, formed yellow needles, melting at 125°: 

0°1070 required 3°53 c.c. W/10-NaOH. C,H,0,;N,;=75°5. 

C,H,03,2C,H,0,N, requires C,H,0;N,;=75°3 per cent. 

The hydrochloride, prepared in the usual manner, crystallised in 
colourless needles, melting at 131°: 

0°1630 required 14°6 c.c. V/10-NaOH. HCl=32°6. 

C,H,O;,2HCl requires HCl1=32°7 per cent. 

The nitrate was prepared by adding nitric acid (D 1:2) to an 
acetic acid solution of the substance, and then evaporating the 
solution in a vacuum over potassium hydroxide. It formed colour- 
less needles, melting and decomposing at 113°: 

’ 0°2678 required 19°5 c.c. V/10-NaOH. HNO,=45°'8. 
C,H,O;,2HNO, requires HNO,;=45°6 per cent. 

The perchlorate, prepared in the usual way, formed a colourless, 
crystalline powder : 

0°4144 required 16°2 c.c. V/10-NaOH. HClO,=39°8. 

C,H,O0;,2HC10,,4H,O requires HClO,=38°8 per cent. 

This substance began to decompose on heating at 100°, and so 
the water of crystallisation could not be directly determined. The 
hydrated compound also remained unchanged when kept in a 
vacuum desiccator at the ordinary temperature. 
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Benzdioxole (Catechol Methylene Ether), 


O 
Ai 
( | SCn,. 
NF 4 


“ 


A mixture of 11 grams of catechol, 9 grams of methylene 
chloride, and 4°6 grams of sodium dissolved in alcohol was heated 
in a closed tube at 120° for about twenty hours. The alcohol was 
evaporated, the residue distilled in a current of steam, and the 
distillate was rendered alkaline and extracted with ether. The 
ethereal solution was dried and evaporated, and the residual oil 
was fractionated, the portion boiling at 172—-173° being collected 
(compare Moureu, Bull. Soc. chim., 1897, [iii], 15, 654). This 
method of preparation is advantageous, because methylene chloride 
boils at a low temperature, whereas in the process used by Moureu 
(loc. cit.) the boiling points of the product and methylene iodide 
are near together, and the separation is thus rather difficult. 
(Found, C=68°60; H=5°00. Calce., C=68°80; H=4°90 per cent.) 

This substance, which has D® 1°0640, D3 1°0662, is not soluble in 
acids. 


Dihydrodioxole (Methylene Ethylene Ether), 
H,*U 
H,: poche 
This substance did not give any salt with acids. 


Attempted Condensation of Catechol and s-Dichloroethylene. 


Several attempts were made to bring about the condensation of 
catchol and s-dichloroethylene, but in every case chloroacetylene 
was formed, and the condensation did not take place. 


Tetrahydropyran (1). 


This substance (kindly given to the author by Dr. H. T. Clarke) 
was found to be quite neutral towards acids or alkalis. 


Dihydrobenzpyran (IIT). 
This substance did not yield any salt with acids. 
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7-H ydroxy-2-methyl-4-methylenebenz-y-pyran, 


This substance was prepared according to the method given by 
Biilow and Wagner (Ber., 1901, 34, 1198). 

The hydrobromide, prepared by dissolving the substance in 
hydrobromic acid (D 1°49), melted and decomposed at 217°: 

0°1472 gave 0°1056 AgBr. Br=30°4. 

C,,H,,0.,HBr,}H,O requires Br=30°3 per cent. 

The perchlorate, prepared in the usual way, is a yellow, crystal- 
line powder : 

0°3342 required 10°8 c.c. W/10-NaOH. HClO,=32°3. 

C,,H,,0,,HC1O0,,2H,O requires HClO,=32°2 per cent. 

The water of crystallisation could not be directly determined, as 
the substance began to decompose at 90°, and on further heating 
decomposition took place with explosive violence. 


The platinichloride, prepared by adding platinic chloride solution 
to a solution of the substance in concentrated hydrochloric acid, 
separates in glistening, yellow plates: 

0°3574 gave 0°0908 Pt. Pt=24°2. 

2C,,H,,0,,H,PtCl,2H,O requires Pt=24°5 per cent. 
7-Hydroxy-2-methy]l-4-methylenebenz-y-pyran decomposes when 
treated with concentrated nitric acid. 


Coumarin. 


Various investigators have shown that coumarin gives salts with 
substances such as bromine, iodine, hydrogen bromide, and 
mercuric chloride. Williamson (this Journal, 1875, 28, 850) was 
the first to show that it combined additively with metallic oxides 
and hydroxides to form salts of the type C,H,O,,2ROH and 
C,H,O,,H,O. Perkin (this Journal, 1871, 24, 37) observed 
that it yielded an additive compound with bromine. Later on, 
Ebert (Annalen, 1884, 226, 308) obtained rather unstable salts 
of this substance with halogen hydrides. Morgan and Mickle- 
thwait (T., 1906, 87, 863) prepared the platinichloride, platini- 
bromide, aurichloride, and cobalticyanide, the former three of the 
type 4C,H,O,,X,4H,O, and the latter of the type 

3C,H,0.,H,Co(CN),,3H,0. 
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Clayton (T., 1908, 98, 524) extended these observations by 
isolating salts of coumarin and some of its homologues with 
mercuric chloride, and, in some cases, with platinic chloride and 


cobaltic cyanide. 
The picrate, prepared by mixing alcoholic solutions of the com- 


ponents, formed yellow needles, melting at 112°: 
0°7633 required 20°35 c.c. W/10-NaOH. C,H,0,N,=61°05. 
C,H,0,,C,H,0,N, requires CsH,0,N,=61°06 per cent. 
The sulphate, prepared in the usual way, formed colourless 
needles, melting at 155—156°: R 
0°1302 required 10°8 c.c. W/10-NaOH. H,SO,=40°7. 
C,H,0,,H,SO, requires H,SO,=40°2 per cent. 
The perchlorate formed a very deliquescent, colourless, crystal- 
line powder: 
0°4240 required 17°2 cc. V/10-NaOH. HClO,=40°5. 
C,H,0,,HC1O, requires HClO,=40°6 per cent. 
The nitrate, prepared by evaporating a solution of the substance 
in nitric acid, was not obtained in a pure state. 


O 
be 
2-Thio-1 : 2-benzpyran, i os : 
\ Ju 
CH 


This was prepared from coumarin according to the method given 
by Tiemann (Ber., 1886, 19, 1661). 

The picrate formed yellow needles, melting at 118°: 

0°7105 required 18°25 c.c. V/10-NaOH. C,H,0,N,=58°'8. 

C,H,OS,C,H;,0,N, requires C,H,0,N,;=58'6 per cent. 

The hydrochloride, prepared by passing dry hydrogen chloride 
into an ice-cold, concentrated solution of the substance in methyl 
alcohol, formed pale yellow needles, melting at 62°: 

0°3306 required 15°4 c.c. V/10-NaOH. HCl=17°0. 

C,H,OS,HCl1 requires HCl=17°1 per cent. 

The perchlorate was prepared by dissolving the substance in cold 
perchloric acid, and evaporating the excess of the acid in a vacuum 
over potassium hydroxide. The substance is decomposed on warm- 
ing with perchloric acid : 

0°2190 required 8°4 c.c. V/10-NaOH. HClO=38°5. 

C,H,OS,HCIO, requires HClO, =38°3 per cent. 


5 p* 2 
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O 
4-Methyleoumarin, C Oe ont rif wf 


This substance was prepared according to the method given by 
Peters and Simonis (Ber., 1908, 41, 831). 
The picrate crystallised in yellow needles, melting at 65°: 
0°6082 required 15°5 c.c. V/10-NaOH. C,H,0;N;,=58°3. 
C,»)H,0,,C,;H,0,N, requires C,H,0,N,=58'8 per cent. 
The perchlorate formed a colourless, crystalline powder : 
¢ 0°3424 required 12°4 c.c. V/10-NaOH. HClO,=38°5. 
C,o9H,0,,HC1O, requires HClO,=38°4 per cent. 


, O—-CO 
4:6-Dimethylcoumarin, CoH,Me< yi: H 
The picrate formed yellow needles, melting at 124°: 
0°6220 required 15°5 c.c. V/10-NaOH. C,;H,0,N,=57°05. 
C,,H,,0.,C,H,0,N, requires C,H,0,N,=56°82 per cent. 
The sulphate crystallised in colourless needles, melting at 
168—169° : 
0°1633 required 12 c.c. V/10-NaOH. H,SO,=36°00. 
C,,H,,0.,H,SO, requires H,SO,=36°10 per cent. 
The nitrate was a colourless, crystalline powder, melting at 175°: 
0°3380 required 14°2 c.c. V/10-NaOH. HNO,=26°4. 
C,,H,y0.,HNO, requires HNO,=26°5 per cent. 
The perchlorate formed a colourless, crystalline powder : 
0°3342 required 12°2 c.c, V/10-NaOH. HClO,=36'1. 
C,,H,,0,,HC1O, requires HClO,=36°5 per cent. 
The hydrobromide was not stable at the ordinary temperature. 


6: 7-Dimethylcoumarin, OH, Mey<) dons . 


The picrate formed yellow needles, melting at 124°: 
0°4234 required 10°5 c.c. V/10-NaOH. C,H,0,N,=56'7. 
C,,H,,0.,C,H,0,N, requires C,H,0,N,=56°8 per cent. 
The sulphate was a colourless, crystalline powder, melting at 
135°: 
0°1151 required 8°5 c.c. V/10-NaOH. H,SO,=36°2. 
C,,H,0,,H,SO, requires H,SO,= 36-00 per cent. 


The nitrate crystallised in colourless needles, melting at 
140—141°: 
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0°2910 required 12°3 c.c. V/10-NaOH. HNO,=26°6. 
©,,H,)0.,HNO, requires HNO,=26'5 per cent. 
The perchlorate formed a crystalline powder: 


0°2790 required 10°2 c.c. V/10-NaOH. HClO,=36°6. 
C,,H,,0,,HC1O, requires HC1O,=36°5 per cent. 


2-Thio-6 : 7-dimethyl-1 : 2-benz pyran, 
O 
Me” \” » 
Me, | 
ae 
CH 
This was prepared by fusing together equal weights of 
6:7-dimethylcoumarin and phosphorous pentasulphide for a short 
time at the fusion point of the mixture. After being cooled, the 
powdered mass was extracted with hot benzene, the benzene solu- 
tion boiled with a little copper powder for about three hours, and 
then filtered and the solvent evaporated. The residue crystallised 
from alcohol in yellow needles, melting at 159—160°: 


0°2420 gave 0°2942 BaSO,. S=16°60. 
C,,H,,OS requires S=16°80 per cent. 


Oxime of 6:7-Dimethylcoumarin.—This was prepared by boiling 
together molecular quantities of 6:7-dimethyl-2-thio-1 : 2-benz- 
pyran, hydroxylamine hydrochloride, and sodium hydroxide in 
alcoholic solution for about six hours. The colourless solution was 
poured into water, and the precipitate collected, washed, and 
crystallised from alcohol. It separated in colourless needles, melt- 
ing at 215°: 

0°1616 gave 10°4 c.c. N, at 24° and 768 mm. N=7°2. 

C,,H,,0,N requires N=7°4 per cent. 

Phenylhydrazone of 6:7-Dimethylcoumarin—This compound 
was prepared by boiling together molecular quantities of 
6 : 7-dimethyl-2-thio-1 : 2-benzpyran and phenylhydrazine in 
alcoholic solution until hydrogen sulphide ceased to be evolved. 
The solution was poured into water, and the precipitate collected, 
washed, and crystallised from alcohol. It separated in yellow 
needles, melting at 168°: is ail 


0°1420 gave 12°9 c.c. N, at 22° and 768 mm. N=10°4. 
C,;H,,ON, requires N=10°6 per cent. 


1602 GHOSH: THE INFLUENCE OF CONSTITUTION ON THE 


4:6:7-Trimethylcoumarin, OH MeO cory P 


The picrate formed yellow needles, melting at 105°: 
0°5286 required 12°7 c.c. W/10-NaOH. C,H,0,N,;=55°01. 
C,H .0,,C,H;,0;N, requires C,H,0,N,;=54°9 per cent. 
The nitrate melted and decomposed at 118°: 
0°2446 required 12°1 cc. V/10-NaOH. HNO,=31°'1. 
CioH,,0,,HNO, requires HNO,=31°3 per cent. 
The sulphate melted at 92°: 
0°2452 required 17°1 c.c. V/10-NaOH. H,SO,=34'1. 
C,,H,,0,,H,SO, requires H,SO,=34°2 per cent. 
The perchlorate formed a colourless, crystalline powder: 
0°2841 required 9°8 c.c. V/10-NaOH. HClO,=34'5. 
C,.H,,0,,HC10, requires HC1O,=34°7 per cent. 
The platinichloride was prepared in the usual way: 
0°4262 gave 0°0686 Pt. Pt=16°09. 
4C,,H,,0.,H,PtCl,,4H,O requires Pt=16°22 per cent. 
The mercurichloride, prepared in ethereal solution, was not 
obtained in a pure state. 


2-Thio-4 :6 : 7-trimethyl-1 : 2-benzpyran, 
O 


This was prepared by fusing together equal weights of 
4:6:7-trimethylcoumarin and phosphorous pentasulphide. The 
product separated from alcohol in golden-yellow needles, melting 
at 158—159°: 

0°2134 gave 0°2440 BaSO,. S=15°68. 

C,,H,,OS requires S=15°60 per cent. 

Oxime of 4:6:7-Trimethylcoumarin.—This was prepared by 
boiling together molecular quantities of 4: 6 : 7-trimethyl-2-thio-1 : 2- 
benzpyran, hydroxylamine hydrochloride, and sodium hydroxide 
for about ten hours. It separated from alcohol in very pale 
yellow needles, melting at 179—180°: 

0°1648 gave 9°8 c.c. N, at 23° and 770 mm. N=6°78. 

C,.H,;0,N requires N=6°89 per cent. 

Phenylhydrazone of 4:6:7-Trimethylcoumarin.—This was pre- 

pared by boiling together molecular quantities of 4:6 :7-trimethyl- 
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2-thio-1:2-benzpyran and phenylhydrazine in alcoholic solution. 
It crystallised from alcohol in yellow needles, melting at 147°: 
0°0756 gave 6°6 c.c. N, at 22° and 764 mm. N=9°94. 
C,,H,,ON, requires N=10°07 per cent. 


7-H ydrozy-4-methylcoumarin, OHC.Bs< ome: nd : 


The mercurichloride, prepared by mixing alcoholic solutions of 
the components, formed a colourless, crystalline powder, which did 
not melt, but decomposed at a high temperature: 

0°1454 gave 0°0756 HgS. S=44°8. 

C,»>H,03,HgCl, requires Hg=44°7 per cent. 

The gicrate formed yellow needles, melting at 108°: 

0°3126 required 7°8 c.c. V/10-NaOH. C,H,0,N;=57°'1. 
C,»H,0;,C,H,0,N; requires C,H,0,N,=56'6 per cent. 

The hydrochloride was prepared in two ways, namely, (1) by 
passing dry hydrogen chloride into an ice-cold, saturated alcoholic 
solution of the substance, (2) by passing dry hydrogen chloride 
into a mixture of resorcinol and ethyl acetoacetate in glacial acetic 
acid. The product separated in colourless needles, which could 
not be obtained quite pure, as they were unstable at the ordinary 
temperature: 

0°1888 required 8°6 c.c. V/10-NaOH. HCl=16°6. 

C,)H,0;,HCl requires HCl1=16°9 per cent. 

The sulphate formed colourless needles, melting and decom- 
posing at 175°: 

0°1910 required 13°9 c.c. V/10-NaOH. H,SO,=35°7. 

C,)»H,03,H,SO, requires H,SO,=35°6 per cent. 

The perchlorate was a colourless, crystalline powder : 

0°3424 required 12°4 c.c. V/10-NaOH. HClO,=36°3. 
C,,H,0;,HCI1O, requires HClO,=36°2 per cent. 


3-A cetylcowmarin, CH.<, H a 


The semicarbazone was prepared by adding to a. solution of 
acetylcoumarin in alcohol an excess of a concentrated aqueous 
selution of semicarbazide hydrochloride and sodium acetate. A 
colourless, crystalline material soon separated, which was collected, 
washed, and crystallised from alcohol. It formed colourless 
needles, melting at 231°, and was soluble in benzene or chloroform, 
but insoluble in water or light petroleum : 


ee 
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0°1099 gave 16°9 c.c. N, at 25° and 764 mm. N=17°2. 
C,.H,,0,;N, requires N=17'1 per cent. 
The picrate formed yellow needles, melting at 75°: 
0°2212 gave 19°4 c.c. N, at 15° and 764 mm. N=9°84. 
C,,H,0;,C,H,0,N, requires N=10°07 per cent. 
The hydrochloride formed colourless needles, melting and decom- 
posing at 108°: 
0°1917 required 8°5 c.c. V/10-NaOH. HCl=16'1. 
C,,H,0;,HCl requires HC]=16°2 per cent. 
The perchlorate was a colourless, crystalline powder : 


0°3346 required 11°6 c.c. V/10-NaOH. HClO,=34°8. 
C,,H,0;,HCIO, requires HClO,=34°7 per cent. 


4-Methyl-1 : 2-a-naphthapyrone, 


The mercurichloride was prepared by mixing alcoholic solutions 
of the components: 

0°5187 gave 0°2490 HgS. Hg=41°3. 

C,,H;,0.,HgCl, requires Hg=41°6 per cent. 

The gicrate formed yellow needles, melting at 89°: 

0°2418 gave 20 c.c. N, at 25° and 762mm. N=9°'8. 
C,,4H,,0.,C,H,0,N, requires C,H,0;N;= 9°57 per cent. 

The hydrochloride was prepared by passing dry hydrogen 
chloride through an ice-cold alcoholic solution of the substance. 
It separated in colourless needles, melting and decomposing at 
178°: 

0°2022 required 8'2 c.c. W/10-NaOH. HCl=14'8. 
C,,H,,0,,HCl requires HCl=14°8 per cent. 


The sulphate formed a deliquescent, colourless, crystalline 
powder, melting at 62°: 


0°1940 required 12°6 c.c. V/10-NaOH. H,SO,=31°7. 
C,,H,,0.,H,SO, requires H,SO,=31°8 per cent. 
The nitrate melted at 78°: 


0°3946 required 14°4 c.c. V/10-NaOH. HNO,=22°90. 
C,,H,,0,,HNO, requires HNO,=23°0 per cent. 
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The perchlorate was a deliquescent, crystalline powder : 
0°2922 required 9°4 c.c. V/10-NaOH. HClO,=32°4. 
C,,H,,0,,HC10, requires HClO,=32°3 per cent. 


2-Thio-4-methyl-1 : 2-a-naphthapyrone,* 


This was prepared in the usual way from 4-methy]-1 : 2-a-naphtha- 
pyrone and phosphorous pentasulphide. It separated from acetic 
acid in golden-yellow needles, melting at 186°: 

0°1807 gave 0°1843 BaSO,. S=14°06. 

C,,H,,OS requires S=14°11 per cent. 

The mercurichloride was a colourless, crystalline powder : 

0°2142 gave 0°0998 HgS. Hg=40°05. 
C,\,H,,OS,HgCl, requires Hg=40°2 per cent. 

The picrate formed a yellow, crystalline powder, melting at 
167°: 

0°2152 required 4°7 c.c. W/10-NaOH. C,H,0,N,=50°0. 

C,,H,,O8,C,;H,0,N, requires C,H,O,N,=50°3 per cent. 
The perchlorate was a colourless, crystalline powder : 
0°2042 required 6°2 c.c. V/10-NaOH. HClO,=30°3. 

C,,H,,O8,HCIO, requires HClO,=30°6 per cent. 


I wish to take this opportunity of expressing my hearty thanks 
to Dr. Smiles and to Dr. Tuck for the interest they have taken in 
this investigation. 


Organic LABORATORY, 
University COLLEGE, 
Lonpon. [Received, July 20th, 1915.] 


* Mr. B. B. Dey of the Imperial College has also prepared this substance 
(this vol. p. 1626). 
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CLXXIX.—A Study in the Cowmarin Condensation. 


By Brman Brnari Dey. 


THE subject of the present investigation originated in certain 
observations which were made in connexion with the condensation 
of a-naphthol with several substituted ketones. It was noticed 
that although a simple alkyl ketone or o-diketone generally con- 
densed according to the usual scheme, with the formation of 
dialkyldinaphthylmethane derivatives, 

R>0:0+20,,H,-OH = RON OF 


the reaction became more complicated and proceeded with difficulty 
in the case of ketones having substituents of a negative character. 
If the reactivity of the carbonyl group be held mainly responsible 
for the progress of this condensation, the irregularities noticed in 
the latter cases may be assumed to be due to the proximity of acid 
radicles which had a modifying influence on the simple ketonic 
function of the carbonyl group. While engaged in carrying out 
further work on the subject, it appeared of interest to study this 
reaction with acetonedicarboxylic acid, and prepare, if possible, 
a condensation product of the type represented above. 

A few preliminary experiments with this acid and a-naphthol 
showed that under the usual conditions the molecule of acetone 
dicarboxylic acid was decomposed, and the ultimate product of the 
reaction was found to be identical with that obtained by con- 
densing with acetone itself. A different effect was obtained, how- 
ever, on carrying out the condensation in the cold in the presence 
of sulphuric acid, when reaction readily took place, and a product 
was formed which passed into a second modification on boiling 
with alcohol or acetic acid. 

An examination of the chemical properties of the compound 
showed that it was a carboxylic acid which decomposed, either on 
heating alone or on distilling its silver salt, into carbon dioxide 
and a residue insoluble in alkali; this was identified as 4-methy]l- 
a-naphthapyrone (Bartsch, Ber., 1903, 36, 1966). The substance 
must therefore be regarded as a pyrone derivative, and the reaction 
evidently takes place according to the following scheme: 


mn. 


tain 
tion 
iced 
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OH 
(x) +CO,H-CH:0(0H)-CH,*00,H = 
‘i 
~ 
0’ \CH 
| laa. +2H,O 
“~ an Po CH,°CO,H 2 
| 
ray 


The foregoing results led to a critical examination of the litera- 
ture on the subject dealing with the basis of this reaction, and it 
was found that although this class of condensation by which 
pyrones could be synthesised had been the subject of extensive 
investigation by Pechmann and his pupils, work in this field had 
hitherto been largely limited to the interaction of phenols and 
acetoacetic ester (Pechmann, Ber., 1884, 17, 929, 1646, 2187 ; 1899, 
32, 3681; 1901, 34, 423). Benzoylacetic and oxalacetic esters were 
also found to have been examined, but only in a few cases 
(Biginelli, Gazzetta, 1895, 24, ii, 492; Pechmann, Ber., 1901, 34, 
381; Bartsch, loc. cit., p. 1968), and the evidence relating to the 
general applicability of the reaction was meagre and unsatisfac- 
tory. Scarcely any work appeared, however, to have been done 
with acetonedicarboxylic acid, only one instance being encountered 
in the literaturé in which it had been employed for this reaction 
(Pechmann, Annalen, 1891, 261, 167). A systematic and detailed 
study of this condensation was therefore considered highly desir- 
able, particularly in view of certain interesting questions that 
arose out of an examination of the physical properties of the pro- 
duct derived from a-naphthol (see p. 1611). 

Accordingly, other phenols were examined, and it was found 
that a large number of these substances condensed with acetone- 
dicarboxylic acid, with the formation of coumarin-4-acetic acids, 
according to the scheme represented in the case of a-naphthol. 
Different phenols were found, however, to enter into this reaction 
with varying degrees of readiness, the ortho- and para-substituted 
phenols, for example, catechol, o-cresol, quinol, etc., giving only a 
poor yield of the coumarin, whilst phenol itself did not condense 
at all; on the other hand, m-cresol, pyrogallol, and others having 
an alkyl or hydroxy-substituent in the meta-position, were gener- 
ally found to condense with great ease, an excellent yield of the 
corresponding coumarins, varying from 60 to 80 per cent. of that 
theoretically possible, being obtained. Similar observations have 
been made also in connexion with the condensation with acetoacetic 
ester, and it would appear, therefore, that this reaction is always 
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facilitated by the presence of a hydroxyl or an alkyl group in 
position 3, position 6 being occupied by the carbon atom taking 


2 
3/ NOH 
4 Je 
\Z4 
5 
part in the condensation. An exception to this rule is, however, 
met with in the case of the coumarin condensation with oxalacetic 
ester, where the reaction appears to be favoured by the presence 
of a substituent in the para-position. Thus, it was noticed by 
Biginelli (ibid., p. 493) that quinol condensed with oxalacetic ester 
with great ease, which was rather remarkable considering the 
extreme difficulty with which this phenol combined with acetoacetic 
and acetonedicarboxylic esters. In the course of this investiga- 
tion several other para-substituted phenols have been examined, 
and found to behave analogously, with the formation of the corre- 
sponding coumarin-4-carboxylic esters : 


“oH 


x\ + CO,Et*CO-CH:C(OH)-CO,Et = 


+ EtOH + H,0. 


m-Cresol, on the other hand, reacted very feebly with oxalacetic 
ester, whilst no coumarins could be recognised in the raw product 
obtained from pyrogallol or orcinol. 

The interaction of acetonedicarboxylic acid and the chloro- 
phenols, the aminophenols, the nitrophenols, and the phenol- 
carboxylic acids was examined. The chlorophenols condensed in 
the normal manner, but the reaction proceeded only to a small 
extent, whilst with the aminophenols, although an excellent yield 
of the coumarin was obtained from m-dimethylaminophenol, the 
ortho- and para-compounds were found to be comparatively inert 
in this respect. The nitrophenols and the phenolcarboxylic acids 
did not condense at all, a negative result being also obtained with 
reduced phenols, such as cyclohexanol and dimethyldihydroresorcin. 

Further, the coumarin condensation was studied with several 
substituted 8-ketonic esters, in order to examine the effect pro- 
duced by such substitution. The presence of an alkyl radicle, such 
as the methyl group, was not found to hinder the condensation to 
an appreciable extent; thus a-naphthol condensed with ‘both 
methylacetoacetic ester and methylacetonedicarboxylic ester to 
form 3: 4-dimethyl-a-naphthapyrone and 3-methyl-a-naphthapyrone- 
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4-acetic ester respectively. In the second case, however, the pro- 
duct was always found to be mixed with small amounts of a second 
substance, which rendered its purification a task of some difficulty. 
The accompanying impurity was presumably due, in this case, to 
a secondary reaction, which led to the formation of a chromone 
derivative (compare Petschek and Simonis, Ber., 1913, 46, 2014; 
Jacobson and Ghosh, this vol., p. 425). It has not been possible 
to devote further attention to this reaction, but it is hoped to 
examine it more fully in the future. 

Of negatively substituted A-ketonic esters, a-chloroacetoacetic 
and a-chloro-oxalacetic esters were examined. The condensation of 
ethyl-a-chloroacetoacetate, which has been studied by Pechmann 
(Ber., 1901, 34, 354), was investigated in some detail with different 
phenols and naphthols, and found to proceed quite normally, the 
results being closely paralleled by those obtained in the case of 
acetoacetic ester itself. The reaction takes place according to the 
following scheme, with the formation of 3-chlorocoumarins: 


O 
Neo 
+CO,Et-CCl:CMeOH =| | \qq- 
AVZ 
CMe 

It is significant, however, that with substituents of a strongly 
negative character, such as the cyanogen or acetyl groups, the con- 
densation has been observed to take place, with the elimination 
of this group and the formation of the pure, unsubstituted 
coumarins (Held, Compt. rend., 1893, 116, 720). 

The interaction of a-chloro-oxalacetic ester and phenols does not 
appear to have been previously investigated. The condensation, 
which proceeds analogously to that in the case of a-chloroacetoacetic 
ester, leads to the formation of 3-chlorocoumarin-4-carboxylic ethyl 
esters, as shown below: 


Oo 
\ 
OH 4 00,Et-CCl:C(0H)-C0,Et ® 6 oo 


( 
\4 Aen 
C-CO,Et 
The above coumarins are of some interest, on account of the 
reaction they undergo on treatment with alcoholic potassium 
hydroxide, which converts them into a new class of o-dicarboxylic 
acids of the coumarone series, thus: 
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In conclusion, an interesting reaction should be mentioned by 
which it has been possible to synthesise some of the coumarin-4- 
acetic acids by the interaction of phenols and malonic ester. The 
reaction was first attempted with a view to prepare compounds 
having a hydroxyl group in the pyrone ring, the malonic ester 
being expected to enter into condensation, as follows: 


Nw : CO, Et 
5 6 


No reaction was observed under the usual conditions of experi- 
ment, but on carrying out the operation in the presence of sodium 
ethoxide, condensation readily took place, with the formation of 
coumarinacetic esters. The interaction of sodiomalonic ester and 
resorcinol has, in fact, been examined by Michael (J. pr. Chem., 
1888, [ii], 37, 469), who obtained an acid having the formula 
C,,H,O;, which he regarded as B-methylumbelliferone-3-carboxylic 
acid (7-hydroxy-4-methylcoumarin-3-carboxylic acid). It has now 
been found, however, that ethyl umbelliferone-4-acetate (ethyl 
7-hydroxycoumarin-4-acetate) is formed under these conditions, the 
reactions involved being explained by the following scheme: 

CH,(CO,Et), + CHNa(CO,Et), = CH(CO,Et),-CO-CH,°CO,Et, 

O 


\ 
)°H +. CH(CO,Et),-CO-CH,*CO,Et = ae a oo + CO(OEt), 
\7 YZ 
C-CH,°CO,Et 
The coumarin-4-acetic acids described in this communication are 
mostly colourless substances, with the exception of the naphtha- 
pyrone derivatives, which are yellow. The esters, which have been 
obtained either by condensing acetone dicarboxylic ester with the 
phenols or by esterifying the acids themselves, are remarkably 
stable, and may in some cases be made to distil unchanged at a 
high temperature. The acids, on the other hand, are much less 
stable, and are decomposed on heating above their melting points, 
being converted into the corresponding 4-methylcoumarins, with 
loss of carbon dioxide: 


O 
a ‘Neo 
| 
Wyle 
C-CH,°CO,H 
Derivatives of these coumarinacetic acids, such as the anilides 
and the amides, have been obtained by the usual methods, but the 
preparation of the latter is attended with considerable difficulty, 
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owing to the hydrolytic action of ammonia both on the ester and 
the pyrone ring. Attempts to prepare the chlorides of these acids 
were not successful, deep purple-coloured products being generally 
obtained, from which no acyl chloride could be isolated in the pure 
state. The production of the intense colour which has been found 
to be a feature common to all 4-substituted coumarins (compare 
Jordan and Thorpe, this vol., p. 393) is most probably due to the 
formation of additive products with phosphorus pentachloride, but 
their exact nature has not yet been fully investigated. 

The well-known reaction by which coumarin is converted into 
thiocoumarin (Tiemann, Ber., 1886, 19, 1661) has been studied in 
the case of several of the coumarin and naphthapyrone derivatives 
described in this paper. The acids themselves generally suffer 
decomposition in the course of this treatment, but the thio-deriv- 
atives of the corresponding esters may be prepared without much 
difficulty. 

A curious behaviour with regard to their melting points has 
been noticed with most of the coumarin-4-acetic acids, which can- 
not be explained by ordinary structural hypotheses. The pheno- 
menon, which was first observed in the case of the compound 
obtained from a-naphthol, has since been found to be common to 
other members of the series. The change of one modification into 
the other, which takes place very quickly on boiling with alcohol, 
acetic acid, etc., has been observed to occur also in the cold, 
although much more slowly, the melting point of the variety of 
a-naphthapyrone-4-acetic acid, melting at 212°, being found to 
have considerably diminished on suspending the compound in cold 
alcohol for several days. Crystallisation from various solvents has 
been tried with a view to obtain the substance of higher melting 
point in the form of definite crystals, but in all cases the crystals 
obtained were those of the second modification. 

The reverse transformation could not be effected, however, either 
by heating the substance or by inoculating it with the material 
of higher melting point, the compound being found to decompose 
at the lower temperature with the evolution of carbon dioxide. 

The ordinary conception of space isomerism of the fumaric— 
maleic type cannot be applied in this case, as one of the remain- 
ing bonds of each of the carbon atoms joined by the ethylenic link- 
ing has been fixed to form a carbon nucleus, thus: 


O C- 
ve 
WY 
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An explanation of this isomerism can be suggested, however, by 
a consideration of the process by which these coumarin derivatives 
are obtained from acetonedicarboxylic acid. An inspection of the 
formula for the latter substance will reveal the fact that in the 
coumarin condensation, the ketonic group might be enolised at the 
expense of a hydrogen atom from either of the two methylene 
groups in juxtaposition to it, leading to the possibility of the forma- 
tion of two different coumarins, which would be related to each 
other as indicated below: 


9 Now 4 
OH. c0,H-CH:C(0H)-CH,*CO,H = | 
i, 


“ \oH . / \4 \co 

( °F 4co,H-CH,-C(OH):cH-CO,H =( Y 00 (). 

—_ he” Hy 
S:CH-CO,H 


It is conceivable, therefore, that the first product obtained in 
this reaction is a molecular mixture of the two forms represented 
above; on heating, or boiling with alcohol or other organic 
solvents, one of these (8), which is the labile form, is rapidly 
isomerised to the other, and the phenomenon of the peculiar transi- 
tion in the melting point observed in these compounds may be 
traced to this source. This explanation involves the assumption 
that there is a mobile hydrogen atom in the system ‘CH,"0-CH: 


which can be transferred with great ease from one carbon atom to 
another, and this movement causes a displacement of the double 
linking and the formation of the stable structure (a). 

Such an assumption appears to be justified, however, by a con- 
sideration of the chemical behaviour of the similarly constituted 
glutaconic acids, in which the free movement of the double bond 
has been strongly advocated (Thorpe, T., 1911, 99, 2188). A com- 
parative examination of the formule for glutaconic acid and the 
coumarinacetic acid shows that the same carbon systems are pre- 
sent in both, and it may be legitimately inferred, therefore, that 
the two classes of compounds would undergo analogous changes in 
structure: 

go 0 
ous —> CH 
H:CH-CO,H CH-CH,°CO,H 
Glutaconic acid system. 
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) 
A\“\ 
& p sue 
\A\ 20H, WANA 
6:CH-CO,H ¢-CH,-CO,H 


Coumarin acetic acid system. 


Lastly, the isomerism might be accounted for as a phenomenon 
of dimorphism from analogy to the isomeric cinnamic acids (Biil- 
mann, Ber., 1909, 42, 182; loc. cit., p. 1444), although it is very 
significant that this phenomenon should be repeated in all the 
members of this series. 

Constitution of the Coumarindcetic Acids—In the majority of 
cases, a study of the constitution of these compounds has been 
facilitated by their decomposition, on heating, into carbon dioxide 
and the corresponding 4-methylcoumarins. As the latter are 
mostly known, an examination of the decomposition product of the 
coumarinacetic acid generally sufficed to settle its structure. 

Amongst other methods, an examination of the products obtained 
by oxidising these coumarins in alkaline solution has been helpful 
in elucidating their constitution. Thus, the nitro-derivative of 
a-naphthapyroneacetic acid was found, on oxidation with potassium 
permanganate, to yield 4-nitro-l-hydroxy-2-naphthoic acid (Kénig, 
Ber., 1890, 28, 807), and was converted into 4-nitro-a-naphthol on 
heating with water under pressure. The following scheme shows 
the reactions involved, and serves to explain the structure of the 
naphthapyrone and the position of the nitro-group: 


co co co 
of Yeu ee: a a ae 
AN /)C-CH,-00,H AA ‘OMe A/S )eMe 
aA \AzZ VV 

N No, 
OH OH 
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2 
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Another instance of the successful application of this method 
is derived from a study of the coumarinacetic acid obtained from 
orcinol. The corresponding 4-methylcoumarin, prepared from 
orcinol and acetoacetic ester (Pechmann, Ber., 1884, 17, 2188), 
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has not been assigned any definite constitution, and may have 
either of the two possible structures shown below: 


An examination of the properties of the coumarinacetic acid 
showed that the substance could be converted under certain con- 
ditions into an internal anhydride or lactone, which was decom- 
posed on boiling with alkali, regenerating the original coumarin. 
This reaction can be readily explained by assuming the hydroxyl 
group to occupy position 5, as given in formula II, the internal 
anhydride being produced according to the following scheme: 


O O 


Me/\/\co Me 


co 
bind 


CH 


pe 
en V4 
O\ /cH, 
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The evidence obtained from a study of the other physical proper- 
ties of the substance would also appear to justify this conclusion. 
Thus, unlike the umbelliferones and other coumarins having a 
hydroxyl group in position 7, the compound does not exhibit any 
fluorescence, either in alcoholic or alkaline solutions; on the other 
hand, it dissolves in alkalis with an intense yellow colour, a 
characteristic noticed also in the case of the coumarin obtained 
from phloroglucinol. The latter substance, in which the presence 
of a hydroxyl group in position 5 is obvious from its mode of forma- 
tion, is also readily convertible into an anhydride, with loss of 
water : ' 


Lastly, on carefully oxidising a concentrated alkaline solution 
of the coumarinacetic acid obtained from orcinol, p-orsellinic acid 
(Kostanecki, Ber., 1885, 18, 1986) was obtained : 
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sigh M H 
Lok Se CO,H ° 
\A\A be ial 

OH O-CH,-CO,H OH 


A study of the constitution of B-naphthapyroneacetic acid is of 
interest, as it may be represented by two different structures, 
according as the nuclear carbon atom taking part in the condensa- 
tion occupies position 1 or 3 in the naphthalene molecule, thus: 


CH 
C0,H-CH,-07 go 


| a — | or 


VV As AALH 
C-CH,CO,H 


(I.) (IL.) 

In fact, there appear to be two different unsubstituted B-naphtha- 
pyrones described in the literature; one of these, prepared from 
B-naphtholaldehyde by the Perkin reaction (Kauffmann, Ber., 1883, 
16, 685), has evidently the formula I, whilst the other, which has 
been obtained by condensing f-naphthol with malic acid (Pech- 
mann, Ber., 1884, 17, 1651), may have the alternative structure 
(II) assigned to it. The condensation of B-naphthol with f-ketonic 
esters does not appear to have been examined, and the reaction 
was accordingly studied both with oxalacetic and acetoacetic esters. 
The product obtained by the decomposition of the f-naphtha- 
pyroneacetic acid, on heating, was found to be identical with that 
produced by condensing the naphthol with acetoacetic ester, so that 
they must be regarded as similarly constituted. It was necessary, 
however, to ascertain if these compounds had the structure I or 
IT, and it was thought possible to obtain information on the point 
by oxidising them to the corresponding naphtholcarboxylic acids, 
which would be easy to identify. All experiments in this direc- 
tion failed to give any definite results, as the molecule of the 
naphthapyrone was completely decomposed in the process. 

An interesting reaction has been observed, however, with the 
ethyl B-naphthapyroneacetate, which might be reasonably inter- 
preted in favour of structure I for these compounds. It was found 
that on warming the ethyl ester with sulphuric acid for some time, 
an internal condensation occurred, with the formation of a com- 
pound having the formula C,;H,O;, the elements of a molecule of 
alcohol being eliminated in the process. Two different formule 
might be devised for this substance, depending on the original 
structure of the &-naphthapyrone, the reaction being supposed to 
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proceed on the following lines, analogous to the transformation of 
gallein into cerulin (Orndorff and Brewer, Amer. Chem. J., 1901, 


26, 97): 
CH CH, CH 


CO,Et-CH, C7 NCO co’ \7 \co 


Piet /\/\/° 


CO,Et-CH, 


Formula IV is, however, less probable, and is evidently to be 
rejected on the ground that other coumarinacetic esters, where 
the CH,°CO,Et group is arranged similarly to that in II, and 
which should accordingly behave analogously, are not found to 
give any condensation product under these conditions of treat- 


ment. $-Naphthapyroneacetic acid should, therefore, be assigned 
a configuration different from that of the other derivatives, and 
the representation of its structure as in I, and that of the con- 
densation product as 5-hydroxy-2-ketoperi-perinaphthindenofuran, 


CH CH 
oH-07 \7 \co 

aN" 

\W\G 
appears to be in good agreement with the observed facts relating 
to the chemical properties and reactions of the substance. The 
condensation product crystallises in deep yellow needles with a 
greenish reflex, and exhibits an intense green fluorescence in 
alcohol and other solvents. It behaves as a permanently enolised 
substance, forms a crystalline sodium salt, and gives benzoyl and 
acetyl derivatives which are insoluble in alkalis; so strongly acidic 
is the hydroxyl group that the substance dissolves even in dilute 
sodium hydrogen carbonate, the solution being of a deep orange 
colour. 

Action of Alkali on the Coumarinacetic Acids—Coumarin is 

known to dissolve in sodium hydroxide, from which the unchanged 
material is obtained on acidification, whilst on prolonged boiling 
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with concentrated alkali it is converted into the stable coumaric 
acid. The subject has lately been studied in some detail by’ 
Biilmann (Annalen, 1912, 388, 259), who has shown that the con- 
version of coumarin into coumaric acid is always brought about 
by the intermediate formation of an additive product, the follow- 
ing possible stages being indicated in the action of sodium 
methoxide on coumarin: 


Coumarinic ester. Methoxymelilotic ester. 


rr 
| H ri | 
VAN A \4\ 0% 
ONa i ONa u 
nH’ \co,Me HH \CO,H. 


Coumaric ester. Coumaric acid. 


H 


No comprehensive generalisations can be made, however, about 


this reaction, as the results obtained with other substituted 
coumarins are different from those achieved in the case of pure 
coumarin itself. Thus, the replacement by alkyl groups of 
hydrogen atoms in the pyrone ring is found to impose certain 
restrictions on this reaction, only unstable acids being precipitated 
in the latter cases, which must be considered to have the cis-struc- 
ture, as they are quickly reconverted into the original coumarins. 
The effect of loading the molecule with alkyl groups on the stability 
of the coumarin ring in the presence of alkalis is very marked, a 
remarkable instance of this nature being furnished by 4:6:7-tri- 
methylcoumarin. The latter substance dissolved on prolonged 
boiling with concentrated aqueous sodium hydroxide to form a 
colourless solution, evidently containing the sodium salt of the 
corresponding cis- or coumarinic acid. On allowing the clear solu- 
tion to remain for several days at the laboratory temperature, a 
colourless solid slowly separated from the alkaline liquor, which 
on examination proved to be the unchanged coumarin itself. 

An application of this reaction to the coumarinacetic acids 
yielded results analogous to those obtained in the case of the 
4-alkylcoumarins, only the coumarinic phase being in evidence, and 
on acidifying the solution in the cold the original substance was 
slowly reprecipitated. 

The acids themselves have not been isolated in the free state, 
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but the corresponding disilver and barium salts have been pre- 
pared in several cases. The salts are evidently those of the cis- 
acids, as on attempting to prepare the open-chain dibasic acids 
from the silver salts by treating with hydrogen sulphide, the 
original coumarinacetic acids were obtained, thus: 


Ye 
OHy OAS a5 


\\o-CH,-CO,H 
loH +Ag.S. 


ae 
co 


Several interesting features have arisen from a study of the 
action of alkalis on the S-naphthapyrone derivatives, which are 
found to behave somewhat differently from the alkylcoumarins and 
coumarinacetic acids examined in this paper. Thus, a series of 
stable acids have been obtained from methyl-8-naphthapyrone and 
its halogen derivatives, whilst B-naphthapyroneacetic acid has been 
converted into the corresponding hydroxynaphthylglutaconic acid, 


thus: 
CO,H-CH, aa 
CH 


CO,H-CH, 07 co Rae 
2 
oa \74 a a ef Y ou 
V4 Y\Y 

The acids are remarkably stable, and may im some cases be 
crystallised from alcohol without undergoing any change. They 
should, however, be assigned the cis-structures as indicated above, 
and not the coumaric configuration, and this conclusion appears 
justified on the following grounds: 

(1) The acids can be easily reconverted into the original 
coumarins, the change being brought about by simply passing dry 
hydrogen chloride through their suspension in acetic acid, or dis- 
solving in sulphuric acid and pouring the solution into water. 

(2) They all eliminate water at their melting points, and are 
transformed into the corresponding coumarins. It should be re- 
marked here that the conversion of these acids into the original 
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coumarins, either by means of hydrogen chloride or other treat- 
ment, does not necessarily prove their cis-structure, there being 
instances in literature (compare Pechmann, Ber., 1883, 16, 2124) 
of the trans- or coumaric acids which have undergone this trans- 
formation. 

The characteristic difference, however, by which the two acids 
are sharply distinguished from each other appears to lie in their 
respective behaviours on melting. It has been found, as a general 
rule, in the course of these investigations that whereas the 
coumarinic acids pass on melting into the coumarins with loss of 
water, the coumaric acids are always decomposed under this con- 
dition into carbon dioxide and the corresponding hydroxystyrene 
derivatives. The following equations represent the changes taking 
place in the two cases: 


(3 The most important argument in favour of the coumarinic 
formule for these acids, as well as a remarkable confirmation of 
the cis-structure for coumarinic acid itself, is based on a study of 
the action of alkalis on 3-chloro- and 3-bromo-6-naphthapyrone. 
The position of the halogen in the latter compounds, which are 
obtained by the direct chlorination or bromination of B-naphtha- 
pyrone, has been established by synthesising the same chloro- 
derivative from f-naphthol and ethyl a-chloroacetoacetate, which 
condense according to the usual scheme (see p. 1609). 

On boiling 3-chloro- or 3-bromo-8-naphthapyrone with alcoholic 
potassium hydroxide, the halogen is not found to be eliminated, 
but a chlorocoumarinic acid is formed instead. A remarkable ex- 
ception is therefore met with in the case of these halogenated 
B-naphthapyrones, which behave quite differently from other chloro- 
or bromo-coumarins with the halogen in the pyrone ring, the 
latter being converted by this treatment into coumarone deriv- 
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atives. The following schemes illustrate the difference in the two 


cases: 
0 0 
’ A “co sant Y \o-00, 1 
Wen OP av es 


CR:CCI°CO,H 


@On 
YVY 


The reason for this discrepancy is, however, readily understood 
when it is borne in mind that a stable coumarinic acid has been 
isolated only in the case of the B-naphthapyrones, and in no other 


case hitherto examined. 
From an analysis of the spatial formule for the two acids that 


might be hypothetically obtained from a 3-chlorocoumarin, it would 


() 
ae 
C 


| 
Se 
OH 


dey 

Cl CO,H 
be clearly seen that the ordinary reaction by which coumarone 
derivatives are obtained from the 3-chlorocoumarins can only 
proceed smoothly through the intermediate formation of a chloro- 
coumaric acid, whereas if the intermediate phase consists of a stable 
coumarinic acid, the elimination of halogen would be difficult, if 
not impossible. ; 

The conclusion is therefore inevitable that the acids obtained 
from the B-naphthapyrones must be regarded as coumarinic, and 
not as coumaric, acids. If, moreover, the above interpretations 
be accepted, these reactions would constitute fresh and valuable 
evidence in support of the cis-trans-hypothesis. 

Among other interesting facts that have been brought to light 
through a study of the action of alkalis on the coumarins may be 
mentioned the remarkable phenomenon of colour exhibited by a 
certain class of these compounds in alkaline solution. Coumarin 
itself is known to develop a pale yellow colour on solution in alkali, 
and a similar observation has been made in the case of ethyl 
coumarinate (Fries, Annalen, 1908, 362, 4), which is colourless, 
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although its alkaline solution is bright yellow; a solution of 
4-methyleoumarin, on the other hand, is colourless. 

An explanation for this phenomenon has been recently advanced 
by Jordan and Thorpe (this vol., p. 397), who consider the colour 
in the case of coumarin itself to be due to the formation of salts 
having the quinonoid structure, whilst the absence of any similar 
colour in the case of the 4-alkylcoumarins has been attributed to 
the presence of the alkyl group, which hinders the transference of 
the hydroxylic hydrogen atom to the terminal carbon atom in the 
coumarinic system, thus preventing the possibility of quinone forma- 
tion. The following schemes illustrate the changes in the two cases: 


O 
N40 ONa 
C<on a 


WNog/™ 
Sodium coumarinate. 


ONa 
O\/ CO,Na 
| 
\/ Nome 


Sodium methylcoumarinate. 


” 
VAY ain 
CMe 
The reasoning contained in the above suggestions cannot, how- 
ever, be applied satisfactorily to explain the behaviour of the 
hydroxy-4-methyleoumarins, which dissolve in alkalis with a vivid 
yellow colour. A large number of compounds of the latter class 
has been prepared in the course of these investigations, and it has 
been possible to determine the influence of the hydroxyl group in 
different positions in the benzene ring on the colour of the corre- 
The results are set forth 


\/\ome% 


sponding coumarins in alkaline solution. 
in the following table: 


Coumarins examined. Colour in 10 per cent. alkali. 


6-Hydroxy-4-methyleoumarin 
Ethyl-6-hydroxycoumarinacetate 
7-Hydroxycoumarin 


7-Hydroxy-4-methylecoumarin 
7-Hydroxy-5-methyleoumarin 
7-Hydroxy-coumarinacetic acid 
8-Hydroxycoumarinacetic acid 


5-Hydroxy-4 : 7-dimethyleoumarin 


5-Hydroxy-7-methylcoumarinacetic 
acid 

0: 7-Dihydroxy-4-methylecoumarin 

): 7-Dihydroxy-4-methylcoumarin 

}: 7-Dihydroxycoumarinacetic acid 
: 8-Dihydroxy-4-methylcoumarin 


7: 8-Dihydroxycoumarinacetic acid 
VOL, CVII. 


Yellow ; disappears on warming 
ditto 
Pale yellow with blue fluorescence ; 
disappears on warming, returns on 
dilution 
ditto 
ditto 
ditto 
Bright yellow, changes to green on 
boiling . 
Intense yellow; permanently dis- 
appears on boiling 
ditto 


ditto 
Pale yellow with blue fluorescence 
ditto 
Reddish-yellow ; colour destroyed on 
warming 
ditto 


5 E 


1622 DEY: A STUDY IN THE COUMARIN CONDENSATION. 


It will be seen from the foregoing results that the hydroxy- 
coumarins, without exception, dissolve in cold alkalis with a yellow 
colour of greater or less intensity. The appearance of this colour, 
which is in no way modified by the presence of an alkyl group in 
the 4-position, is also found to be independent of other sub- 
stituents, either in the pyrone or in the benzene ring; several 
chlorinated and brominated hydroxycoumarins with the halogen 
in different positions in the ring have been examined, and found 
to develop characteristic colours under these conditions. 

If the quadrivalence of the lactonic oxygen may be advocated 
in the coumarins from analogy to the claims made in the case of 
the similarly constituted pyrones (Homfray, T., 1905, 87, 1453), 
then the occurrence of colour in these compounds may be con- 
sistently explained by assuming the formation, in the first place, 
of oxonium salts, which have a quinonoid structure ; these salts are 
not very stable, and readily revert to the normal phenolic state, 
the tendency for oxygen to function in its higher valency being at 
best but feeble. The following schemes might, accordingly, be 
devised to explain the behaviour of the 6- and the 8-hydroxy- 
coumarins: 


ONa 


The same reasoning may also be adopted in the case of the 5- and 
the 7-hydroxycoumarins, the following representations being 
possible : 


Na0-O 0-0 
iV < AV/\§ 
VY As 
U 


O NaO—-O 
WANE 


V/V JB 
CH 
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These views receive support from the fact that on methylating 
the hydroxyl group or otherwise destroying the active hydrogen 
atom, the coumarins produced are found to dissolve in alkali on 
boiling, without any coloration. 


EXxPERIMENTAL. 


Condensation of Acetonedicarbozylic Acid and a-Naphthol: 
1: 2-a-Naphthapyrone-4-acetic Acid, 
CO 
07 \cH , 
'0-CH,:CO,H 
ANA \/ i 


| 
ws 


An intimate mixture of a-naphthol (12 grams) and acetone- 
dicarboxylic acid (14 grams) was added in small quantities to con- 
centrated sulphuric acid (30 c.c.), the flask being vigorously shaken 
after each addition. The clear, brown liquid soon became warm 
and exhibited a green fluorescence, and after remaining overnight, 
a considerable amount of solid separated. The mixture was poured 


into excess of ice-water, and the precipitated solid collected and 
thoroughly washed with cold alcohol, when it formed a yellow, 
crystalline powder, melting at 212—213°: 

0°1211 gave 0°3135 CO, and 0°0449 H,O. C=70°6; H=4°'12. 

C,;H,)0, requires C= 70°86; H=3°93 per cent. 

On boiling with alcohol or acetic acid, it was converted into 
another modification crystallising in slender, yellow plates, melting 
at 181°: 


0°1106 gave 0°2881 CO, and 0°0414 H,O. C=71°01; H=4'15. 
C,;H,,0, requires C=70°86 ; H'=3°'93 per cent. 

Both forms are decomposed quantitatively into carbon dioxide 
and 4-methyl-1 :2-a-naphthapyrone (m. p. 167°) on heating above 
their respective melting points. 

The acid is almost insoluble in water, and dissolves very 
sparingly in benzene, chloroform, or light petroleum; a cold 
alkaline solution of the substance exhibits a light pink fluores- 
cence. It gives a pale yellow monosilver salt under the usual 
conditions, but on boiling the acid for an hour with aqueous 
sodium hydroxide, neutralising with dilute nitric acid, and then 
adding silver nitrate, the disilver salt of the corresponding hydroxy- 
naphthylglutaconic acid is obtained as a heavy precipitate. 
(Found, Ag=45°0. Calc., Ag=44°5 per cent.) 

5 E 2 
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The ethyl ester, prepared in the usual manner, crystallises from 
alcohol in clusters of long, prismatic needles, melting at 139°: 

0°2732 gave 0°7297 CO, and 0°1283 H,O. C=72:18; H=5°22. 

C,,H,,0, requires C=72°34; H=4°99 per cent. 

The anilide was prepared by heating the ethyl ester (3 grams) 
with excess of freshly distilled aniline (5 grams) in a sealed tube 
to 160—180° for four hours. The dark, oily product was treated 
with excess of 10 per cent. hydrochloric acid, and the precipitated 
brown solid crystallised several times from glacial acetic acid, in 
which it was sparingly soluble. Short needles having a greenish 
tint were obtained, melting and charring at 264°: 

0°2439 gave 9°75 c.c. Nz at 20° and 747 mm. N=4°61. 

C,,H,,0,N requires N=4°25 per cent. 

The amide.—The powdered ester (4 grams) was shaken re- 
peatedly with 50 c.c. of absolute alcohol saturated with dry 
ammonia. After four days, the muddy precipitate was collected, 
washed with dilute alcohol, and crystallised from boiling acetic 
acid, from which it separated in colourless aggregates of hard 
prisms, melting at 262° and softening several degrees below this 
temperature. The substance dissolves readily in the ordinary 
organic solvents, but is insoluble in water. On boiling with alkali 
hydroxides, it slowly dissolves, with the evolution of ammonia, 
1: 2-a-naphthapyrone-4-acetic acid being precipitated on acidifica- 
tion : 

0°2468 gave 11°4 c.c. N, at 23° and 744 mm. N=5'23. 

C,;H,,O,;N requires N=5°53 per cent. 
6-Nitro-1 : 2-a-naphthapyrone-4-acetic acid, 
CO 
of \cH 
ir CH,*CO,H 
ANZ 
NO, 
was prepared by treating a solution of the above acid in glacial 
acetic acid (1 vol.) with the requisite amount of concentrated nitric 
acid, and then cautiously adding concentrated sulphuric acid 
(0°5 vol.). On cooling, the above nitro-derivative gradually 
separated out. Crystallisation from glacial acetic acid gave yellow 
nodules, melting at 212°, with evolution of carbon dioxide. The 
residue after melting solidified, and was found to be identical with 
6-nitro-4-methyl-1 : 2-a-naphthapyrone, described below: 


0°2206 gave 9°4 c.c. N, at 18° and 748 mm. N=4'92. 
C,;H,O,N requires N=4°70 per cent. 
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6-Nitro-4-methyl-1 : 2-a-naphthapyrone, prepared by nitrating 
4-methyl-1:2-a-naphthapyrone in the usual manner, crystallises 
from pyridine in small, nodular masses, melting at 236°: 
0°1875 gave 9 c.c. N, at 18° and 756 mm. N=5'6l. 
C,,H,O,N requires N=5°49 per cent. 


B-4-Nitro-l1-hydroxy-2-naphthylcrotonic Acid, 
OH 
( a \-CMe!CH-C0,H 
ANS 
ati 
6-Nitro-4-methyl-1 : 2-a-naphthapyrone (3 grams) was boiled with 
a solution of sodium hydroxide (8 grams in 30 c.c. of water), and 
the deep, orange-red liquid filtered from any undissolved matter. 
On allowing to remain for some time, the sodiwm salt of the above 
acid crystallised in deep red, prismatic needles, which were collected 
and dissolved in water, the solution being acidified in the cold with 
dilute hydrochloric acid. A nearly colourless solid was slowly pre- 
cipitated, which was quickly collected ; it dissolved in dilute sodium 
carbonate in the cold, but lost this property after some time, due 
to reversion to the original naphthapyrone derivative. It melted 
and decomposed at 128—130°, and was then converted into the 
original naphthapyrone derivative: 
0°1900 gave 8°8 c.c. N, at 18° and 741 mm. N=5'34. 
C,,H,,0O;N requires N=5'12 per cent. 


Oxidation of 6-Nitro-4-methyl-1 : 2-a-naphthapyrone. 


The substance (2 grams) was dissolved by boiling with excess of 
10 per cent. sodium hydroxide, and the filtered solution treated at 
0° with a solution of potassium permanganate (3 grams). The 
oxidation, which began in the cold, was completed by heating the 
mixture to boiling, and keeping at this temperature for several 
minutes. On cooling, sulphur dioxide was passed in until the 
colour was nearly discharged, the liquid rendered alkaline with 
sodium hydroxide, and filtered. The filtrate, on acidifying, 
furnished a bulky solid, which crystallised from alcohol in soft, 
yellow needles, melting at 214°, and dissolved in dilute sodium 
carbonate solution with an orange-red colour: 

0°1362 gave 0°2832 CO, and 0°0368 H,O. C=56'7; H=3:02. 

01214 ,, 63 cc. N, at 15° and 748 mm. N=6°09. 

C,,H,O;N requires C=56°6; H=3:01; N=6°01 per cent. 

The substance decomposed completely on melting, no pure resi- 

due being left; on heating, however, with water in a sealed tube 
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at 140—150°, a good yield of pure 4-nitro-a-naphthol was obtained, 
erystallising in golden-yellow needles (m. p. 163°). It was ulti- 
mately identified as 4-nitro-l-naphthol-2-carboxylic acid by pre- 
paring a specimen of the latter according to the method given by 
Kénig (Ber., 1890, 23, 807). 

6-A mino-4-methyl-1 : 2-a-naphthapyrone was prepared by reducing 
the nitro-compound either with iron and hydrochloric acid or, 
better, with stannous chloride. It dissolves sparingly in alcohol 
or acetic acid, but more readily in pyridine or nitrobenzene ; from 
the latter solvent, the amine crystallises in long, yellow, lustrous 
needles, melting at 243°. It dissolves in dilute mineral acids to 
form colourless solutions, and yields a sparingly soluble hydro- 
chloride, crystallising in hard prisms, decomposing at 276—278°: 

0°1778 gave 9°7 c.c. N, at 17° and 744 mm. N=6'28. 

C,,H,,O,N requires N=6°2 per cent. 

The acetyl derivative crystallises from alcohol in soft, colour- 
less needles, melting at 277—278°, and exhibits a slight blue 
fluorescence in alcoholic solution: 

0°2130 gave 9°4 c.c. N, at 18° and 751 mm. N=5'l. 

C,¢H,,;0;N requires N=5°24 per cent. 

The benzoyl derivative crystallises from pyridine in clusters of 
long needles, melting at 261—262°: 

0°1563 gave 6°0 c.c. N, at 19° and 755 mm. N=4°46. 

C,,H,;0,N requires N=4°25 per cent. 


2-Thio-4-methyl-1 : 2-a-naphthapyrone, 
cS 
0’ \cH 


Pe lh 


V4 

4-Methyl-1 : 2-a-naphthapyrone (10 grams) was mixed with finely 
powdered phosphorus pentasulphide (14 grams), the mixture 
covered with dry xylene (150 c.c.), and boiled under reflux for 
three to four hours. The hot xylene solution, which was poured 
off from the insoluble grey residue, deposited on cooling a dark 
brown, crystalline powder containing the thio-derivative. It was 
freed from sulphur and other accompanying impurities by boiling 
its solution in benzene with copper powder, and twice recrystal- 
lising the product from glacial acetic acid. It formed small yellow 
prisms with a dark, metallic-green reflex, and melted at 187°: 

0°1931 gave 0°5325 CO, and 0°0844 H,O. C=74:52; H=4°86. 

0°2130 ,, 02188 BaSO,. S=14'11. 

C\,H,,OS requires C=74°33; H=4:42; S=14:11 per cent. 
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On boiling the thio-pyrone suspended in benzene with excess of 
dry precipitated mercuric oxide, and filtering the benzene solution, 
the original naphthapyrone (m. p. 167°) crystallised out on cooling. 


4-Methyl-1 : 2-a-naphthapyroneoxime, 


The thio-pyrone (5 grams) was finely powdered and suspended in 
alcohol (400 c.c.), and treated with a solution of hydroxylamine 
hydrochloride (3 grams) and sodium hydroxide (2 grams) in the 
minimum amount of water. The mixture was vigorously boiled 
under reflux until the odour of hydrogen sulphide was no longer 
perceived (eight to ten hours), the solution filtered off, and the 
residue extracted twice with 100 c.c. of boiling alcohol. The 
filtrate, on cooling and slightly diluting with water, deposited the 
oxime in an almost pure state. Recrystallisation from acetic acid 
gave soft yellow needles, melting at 235°. The substance dis- 
solved in alkali hydroxides on warming, from which acids pre- 
cipitated it unchanged : 

0°1940 gave 10°7 c.c. N, at 20° and 752 mm. N=6'38. 

C,,H,,O.N requires N=6°22 per cent. 

Ethyl 2-thio-1:2-a-naphthapyrone-4-acetate was prepared in an 
analogous manner to that described in the case of 2-thio-4-methyl- 
1: 2-a-naphthapyrone, a little care being found necessary in heating 
the mixture, so as to avoid much decomposition. It separated 
from hot acetic acid in deep golden-yellow needles, melting at 
146°: 

0°2104 gave 0°1660 BaSO,. S=10°84. 

C,,H,,0,8 requires S=10°73 per cent. 


Coumarins from B-Naphthol: 4:3-8-Naphthapyrone-l-acetic Acid, 
CH 
CO,H-CH, C7 Noo 
O 
SY 
V4 


The yield of this compound is found to be rather variable, but 
a satisfactory result can be ensured by rigid adherence to the 
following conditions. §-Naphthol (15 grams) and acetonedicarb- 
oxylic acid (20 grams) are made into a paste with 10 c.c. of a 
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mixture of alcohol and sulphuric acid (1 vol.:1 vol.), and slowly 
treated with concentrated sulphuric acid (50 c.c.), the temperature 
of the mixture being allowed to rise spontaneously during the re- 
action. After twenty-four hours, the product is treated in the 
usual manner, and purified by dissolving in dilute sodium 
carbonate and reprecipitating with acids. The freshly precipitated 
substance melted at 202—-203°, and on crystallisation from alcohol 
formed yellow needles, melting at 191°, and passing into 1-methyl- 
4:3-8-naphthapyrone (Bacovescu, Ber., 1910, 43, 1280): 
0°1184 gave 0°3130 CO, and 0°0418 H,O. C=71:44; H=3°92. 
C,;H,,O, requires C=70°86; H=3°93 per cent. 

The acid is almost insoluble in benzene or petroleum, but dis- 
solves more readily in acetic acid or pyridine. It gives a colour- 
less silver salt on adding silver nitrate to its cold neutral solution: 

0°2771 gave 0°0843 Ag. Ag=30°44. 

C,;H,O,Ag requires Ag=29°98 per cent. 

On boiling the acid with dilute aqueous sodium hydroxide for 
several hours, neutralising with dilute nitric acid, and then adding 


a solution of silver nitrate, the disi/ver salt of B-2-hydroxy-1- 
naphthylglutaconic acid is obtained as a heavy, pale yellow 


precipitate : 

0°0911 gave 0°0714 Ag. Ag=45'l. 

C,;H,,O;Ag. requires Ag=44°5 per cent. 

The ethyl ester was prepared by treating a mixture of B-naphthol 
(1 mol.) and acetonedicarboxylic acid (1 mol.) with absolute 
alcohol (2 mols.), adding concentrated sulphuric acid (4 mols.), and 
keeping the mixture at 35—-40° for two to three days to complete 
the reaction. The yield of the crystallised ester amounted to 60 
per cent. of the weight of the B-naphthol employed. It formed 
colourless plates, melting at 164°: 

0°2006 gave 0°5297 CO, and 0°0938 H,O. C=71:°95; H=5°2. 

C,,H,,O, requires C=72°34; H=4°99 per cent. 

The methyl ester, C,,H,.O,, crystallised in pale yellow plates, 

melting at 187°. 


Action of Alkalis on 4:3-B-Naphthapyrone-l-acetic Acid, 
B-2-Hydroxzy-\-naphthylglutaconic Acid, 
CO,H-CH,°C(C,,H,-OH):CH-CO,H. 


The pyrone (2 grams) was dissolved in socium hydroxide 
(5 grams in 25 c.c. of water), and the solution boiled for six hours. 
On acidifying the cooled solution, it gradually became turbid, and 
a heavy, yellow oil separated out after some time. The oil was 
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washed with cold alcohol, when it soon solidified; on being dried 
on a porous plate, and then left in a desiccator, it formed a yellow, 
crystalline powder, melting at 174° with loss of water and carbon 
dioxide, and passing into 1-methyl-4 : 3-8-naphthapyrone : 

0°1393 gave 0°3364 CO, and 0°0530 H,O. C=65'9; H=4°’3. 

C,,H,.O, requires C=66°17; H=4°4 per cent. 

The acid is fairly stable when kept suspended in cold water, but 
on attempting to crystallise it from alcohol or other solvents it is 
reconverted into 4:3-8-naphthapyrone-l-acetic acid. It has a 
peculiar agreeable odour, noticed also in the case of the acids 
obtained from other 4 :3-8-naphthapyrones. 

2-Thio-1-methyl-4 :3-B-naphthapyrone, prepared by the usual 
method, crystallises from acetic acid in yellow sheaves of needles 
having a green reflex, and melting at 199°: 

0°1070 gave 0°1131 BaSO,. S=14°52. 

C,,H,,OS requires S=14°16 per cent. 

The oxvimé, prepared from the preceding thio-compound by the 
action of hydroxylamine hydrochloride, crystallises fror ooiling 
alcohol in lemon-yellow needles, melting at 197°. (A mixture of 
this with the thio-compound melts at 160—165°.) 

0°1472 gave 7°65 c.c. N, at 18° and 757 mm. N=6°'08. 

C,,H,,O.N requires N =6°22 per cent. 


2-Chloro-1-methyl-4 : 3-B-naphthapyrone, 
CCl 


CMeZ ‘co 
pyr 
LAS 


This was prepared in two ways, namely, (1) by treating a solu- 
tion of the pyrone in boiling glacial acetic acid with the requisite 
amount of chlorine generated from potassium permanganate, and 
(2) by condensing f-naphthol with ethyl a-chloroacetoacetate. 
The chlorination method generally gave a mixture of products, 
from which, after repeated fractional crystallisation, a portion was 
obtained crystallising in prismatic needles, melting at 135°. The 
other synthetic process gave a much purer product, but the yield 
Was very poor: 

0°1350 gave 0°3391 CO, and 0°0475 H,O. C=6844; H=3°'91. 

0°2061 ,, 01182 AgCl. Cl=14:2. 

C,,H,O.Cl requires C=68°7; H=3°7; Cl=14°5 per cent. 


5 E* 
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Action of Alkalis on 4:3-B-Naphthapyrone: B-2-Hydroxy-1- 
naphthylerotonic Acid, OH-C,jH,-CMe:CH:CO,H. 


1-Methyl-4 : 3-8-naphthapyrone (4 grams) was dissolved in hot 
alcohol (40 c.c.), and a concentrated solution of potassium 
hydroxide (4 grams) added. The solution, which became bright 
yellow and fluorescent, was boiled for four to five hours under 
reflux, the alcohol nearly distilled off, and the residue diluted with 
water, cooled, and acidified. The turbid solution slowly deposited 
the crotonic acid in colourless plates, having a characteristic 
aromatic odour. The acid is remarkably stable at the ordinary 
temperature, a specimen prepared eight months ago still remain- 
ing unchanged. It can also be crystallised from hot alcohol, which 
deposits the acid in thin mica-shaped plates, but it is converted 
to a large extent into 1-methyl-4:3-8-naphthapyrone on crystal- 
lising from glacial acetic acid. It dissolves in concentrated 
sulphuric acid to form a green, fluorescent solution, and on pour- 
ing into water, and crystallising the precipitated solid, the original 
naphthapyrone is obtained (m. p. 179°). The acid melted at 146°, 
with sudden decomposition, due to loss of water, and immediately 
solidified. The residue, which melted at 177—179°, was proved to 
be identical with 1-methyl-4:3-8-naphthapyrone by the method of 
mixed melting points: 


0°02110 gave 0°5470 CO, and 0°1037 H,O. C=70°7; H=5°45. 
C,,H,,03,4H,O requires C=70°8; H=5°48 per cent. 


a-Chloro-B-2-hydroxy-1-naphthylerotonic Acid, 
OH:-C,,H,*CMe:CCl-CO,H. 


This was prepared from the 2-chloro-derivative in an exactly 
analogous manner to that described in the preceding case. It 
crystallised in shining, colourless plates, melting at 148°, and 
reverting to the original naphthapyrone (m. p. 137°). The acid 
had the same characteristic odour as was noticed before, and gave 
a light pink colour with ferric chloride. Several attempts were 
made to prepare the corresponding isocrotonic acid, and hence the 
B-naphthafurancarboxylic acid by boiling with alcoholic sodium 
ethoxide, but in each case the above crotonic acid crystallised out 
on acidification : 


0°1485 gave 0°0791 AgCl. Cl=13°18. 
C,,H,,0,Cl requires Cl=13°5 per cent. 
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5-H ydroxy-2-ketoperi-perinaphthindenofuran, 


Ethyl 4:3-8-naphthapyrone-l-acetate (5 grams) was powdered 
and dissolved in concentrated sulphuric acid (25 c.c.), and the 
solution heated either at 100° for several hours or at 120° to 130° 
for an hour. The liquid, which became fluorescent and viscid, was 
allowed to remain overnight, and then poured into cold water. 
The deep yellow, bulky precipitate was collected, dissolved in 
dilute alkali hydroxide and reprecipitated with acids, and finally 
crystallised twice from boiling acetic acid. It formed soft yellow 
needles with a greenish reflex, melting and charring at 280—282°. 
and exhibiting an intense green fluorescence in alcoholic solution. 
The substance dissolved in dilute alkalis with a bright red colour, 
and yielded a sodium salt, crystallising in orange-red prisms, which 
became deep purple on exposure to light: 

0°1290 gave 0°3615 CO, and 0°0383 H,O. C=76'42; H=3°30. 

C,;H,O, requires C=76°27; H=3°39 per cent. 

Sodium salt : 

0°1663 gave 0°0432 Na,SO,. Na=8°43. 

C,;H,;O,Na requires Na=8'9 per cent. 

The acetyl derivative crystallises from benzene in short yellow 
needles, melting at 211—212°. It is insoluble in alkalis, but 
fluoresces strongly in alcoholic solutions: 

0°1378 gave 0°3698 CO, and 0°0464 H,O. C=73'21; H=3°74. 

| C,,H,,0, requires C=73°38; H=3'6 per cent. 

The benzoyl derivative crystallises from pyridine in clusters of 
soft needles, melting at 207°: 

0°1075 gave 0°3050 CO, and 0°0352 H,O. C=77°38; H=3°63. 

C..H,.0, requires C=77°64; H=3'52 per cent. 

The methyl ether was prepared from the crystalline sodium salt 
by suspending the latter in a little alcohol, adding excess of methyl 
iodide, and heating the mixture in a closed bottle at 100° for 
several hours. On cooling, the liquid was rendered alkaline with 
sodium hydroxide, and the insoluble precipitate collected and 
crystallised from alcohol. The substance melted rather indefinitely 
between 224° and 229°: 

0°0941 gave 0°2642 CO, and 0°0343 H,O. C=766; H=4-06. 

C\gH,,O, requires C=76°8; H=4:00 per cent. 
5 E* 2 
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Coumarins from Resorcinol: 7-Hydroxycoumarin-4-acetic Acid, 


Oo 
oH \/Noo 


\Z \Ze 


C-CH,°CO,H 

This compound has been described by Burton and Pechmann 
(Annalen, 1891, 261, 167). When freshly prepared, it melts at 
209—210°, but the melting point is lowered to 201° on crystal- 
lising from boiling water or alcohol. The disilver salt of B-2:4-m- 
dihydroxyphenylglutaconic acid is obtained as a yellow precipitate 
on boiling the acid with alkalis, neutralising with nitric acid, and 
adding silver nitrate: 

0°1330 gave 0°0645 Ag. Ag=48°49. 

C,,H,O,Ag, requires Ag=47°8 per cent. 

The ethyl ester, prepared by saturating an alcoholic suspension 
of the acid with dry hydrogen chloride and warming, forms groups 
of hard, prismatic needles, melting at 157°. Pechmann, who 
appears to have obtained this compound, records the melting point 
as 134°. (Found, C=62°61; H=4°90. ©C,,;H,.0O; requires 
C=62°90; H=4°84 per cent.) 


Synthesis of Ethyl 7-Hydroxycoumarin-4-acetate from Resorcinol 
and Ethyl Malonate. 


Michael, who first examined the condensation of resorcinol with 
sodiomalonic ester (J. pr. Chem., 1888, [ii], 37, 469), obtained an 
acid melting at 191°, which was considered to be 7-hydroxy-4- 
methylcoumarin-3-carboxylic acid. The above ethyl ester was 
obtained by the following method. 

Sodium wire (2°5 grams) was dissolved in absolute alcohol 
(8 c.c.), and freshly distilled malonic ester (16 grams) and resorcinol 
(11 grams) were added. The mixture was heated at 100° for 
twenty-four hours, and, on cooling, water was added until the solid 
was completely dissolved. On acidifying the dark, fluorescent 
solution, an oil was precipitated, which was slowly converted into 
a crystalline solid on repeately washing by decantation with hot 
water. The solid was crystallised twice from dilute alcohol, which 
deposited a mixture of colourless needles and scales, melting very 
indefinitely. The mixture was treated with a slight excess of dilute 
sodium carbonate solution, which readily dissolved one of the com- 
ponents, and the solution was quickly filtered off. On recrystal- 
lising the insoluble residue twice from boiling alcohol, colourless 
needles were deposited, melting at 157°. A mixture of this sub- 


= a a ae ae 
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stance with ethyl 7-hydroxycoumarin-4-acetate melted at the 
same temperature. (Found, C=62°41; H=4°86. Calc., C=62°90; 
H=4'84 per cent.) 

On boiling this ester with alcoholic potassium hydroxide, the 
corresponding acid, melting at 202°, was obtained. The filtrate 
from the sodium carbonate extract gave a solid which, after several 
crystallisations from alechol, formed pale yellow needles, melting 
and decomposing at 256-—-257°. It was obtained in very small 
quantities, and could not be investigated further. 

Ethyl T-acetoxycoumarin-4-acetate crystallises in soft, snow- 
white needles, melting at 124°: 

0°1105 gave 0°2496 CO, and 0°0467 H,O. C=61'6; H=4°7. 

C,;H,,0O, requires C=62°06; H=4'8 per cent. 

The benzoyl derivative of the ester, C,,H,,O,, forms long needles, 
melting at 126°. 

Methyl 7-Methorycoumarin-4-acetate was prepared from the 
above coumarinacetic acid by methylating in alkaline solution with 
excess of methyl sulphate. It crystallised from dilute acetic acid 
in rosettes of silky needles, melting at 122°, and dissolved in most 
organic solvents without any fluorescence. On boiling with 
alcoholic potassium hydroxide, the ester was hydrolysed, and the 
corresponding acid crystailised out on acidification : 

0°1419 gave 0°3270 CO, and 0°0614 H,O. C=62°8; H=4°8. 

C,3;H,.0; requires C=62°90; H=4°84 per cent. 

7-Methorycoumarin-4-acetic acid, CoH,0O;, which is obtained 
from the above ester, may be prepared in quantity by condensing 
resorcinol monomethyl ether with acetonedicarboxylic acid, accord- 
ing to the usual method. It forms slender, colourless prisms, melt- 
ing at 187°, with evolution of carbon dioxide. The residue, after 
melting, crystallises from alcohol in short, flat needles, melting at 
159°, not depressed by admixture with 7-methoxy-4-methylcoumarin 
(4-methylumbelliferone methyl ether) (Pechmann and Duisberg, 
Ber., 1883, 16, 2125). 

The ethyl ester of the above acid, C,,H,,0O;, forms aggregates 
of radiating needles, melting at 105°. 


3:6:8-Trichloro-7-hydroxycoumarin-4-acetic Acid, 
cl O 
oH’ oo 
Cl CCl 
ide 
C-CH,°CO,H 
The coumarin (4 grams) was dissolved in excess of glacial acetic 
acid (100 ¢.c.), and a stream of chlorine, prepared from potassium 
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permanganate (10 grams), passed into the solution, which was 
heated to 100°. Hydrogen chloride was evolved, and on allowing 
the liquid to cool, the trichloro-derivative, mixed with some 
impurities, was deposited in a crystalline state. It was repeatedly 
crystallised from boiling acetic acid, when a fraction was ulti- 
mately obtained melting sharply at 246°, with evolution of carbon 
dioxide. The residue left after fusion crystallised from acetic 
acid in hard, colourless plates, melting at 266—267°; it was proved 
to be identical with 3:6:8-trichloro-7-hydroxy-4-methyleoumariu 
described by Fries and Lindemann (Annalen, 1914, 404, 65), by 
preparing a specimen of the latter and observing the melting point 
of the mixture. The compound dissolved very sparingly in boil- 
ing alcohol, and showed only a slight fluorescence in the solution. 
Its solution in dilute alkalis is bright yellow: 
0°1562 gave 0°2051 AgCl. Cl=32°32. 
C,,H;0,Cl, requires Cl=32°90 per cent. 


4: 6-Dichloro-5-hydrozy-1-carboxycoumarone-2-acetic Acid, 
cl O 
on’ \/% \c-c0,H 


Cl. )—C-CH,-CO,H ~ 


\4 

The foregoing trichlorocoumarinacetic acid was suspended in 
alcohol, excess of 20 per cent. alcoholic potassium hydroxide added, 
and the mixture boiled under reflux for four hours. The major 
amount of alcohol was then distilled off, the residue diluted with 
water, and the solution filtered from any undissolved matter. On 
acidifying the filtrate, the above compound slowly separated in 
long needles, which were obtained quite pure after a single crystal- 
lisation from dilute alcohol, and melted and decomposed at 
256—257°. The acid dissolved readily in cold water, and was com- 
pletely reprecipitated on adding a few drops of a strong mineral 
acid. It gave a crystalline silver salt, and dissolved in concen- 
trated sulphuric acid with a green colour, which changed to deep 
violet on warming. 


Coumarins from Quinol: Ethyl 6-Hydroxycoumarin-4-acetate, 


C-CH,-CO,Et 


Quinol reacts very feebly with acetonedicarboxylic acid, only 
traces of coumarin, which could not be purified, being produced by 
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the usual process. The above compound was prepared by con- 
densing quinol with acetonedicarboxylic ester, and leaving the 
mixture in a warm place for several days. On pouring into water, 
no precipitate was formed at first, but on scratching the sides of 
the vessel, a small quantity of a greenish powder was deposited. 
after some time, from which, after several crystallisations from 
dilute alcohol, small, fern-like needles were obtained, melting at 
174—176°. The compound dissolved in cold dilute alkalis with a 
bright yellow colour, but the solution became almost colourless on 
boiling : 
00981 gave 0°2252 CO, and 0°0424 H,O. C=62°6; H=4°'8. 
C,3H,,0; requires C=62°9; H=4°83 per cent. 


Coumarins from Catechol: 8-Hydroxycoumarin-4-acetic Acid, 


HO O 
/\/\oo 
\/\ gu 
C*CH,°CO,H 
The above compound was isolated in extremely small amount by 
the usual method of condensing catechol with acetonedicarboxylic 
acid. Crystallisation from alcohol furnished short needles, which 
softened at 210° and melted and decomposed at 228—230°. It 
dissolved in sodium hydroxide solution with a marked yellow 
colour, and gave a bluish precipitate with ferric chloride: 
0°0740 gave 0°1594 CO, and 0°0256 H,O. C=58°71; H=3'8. 
C,,H,O; requires C=60°00; H=3'6 per cent. 
Owing to the small yield, the substance could not be examined 
in greater detail, and no derivatives were prepared. 


Coumarins from m-Cresol: 7-Methylcoumarin-4-acetic Acid. 


This appears to have been prepared by Fries and Volk (Annalen, 
1911, 379, 107). 

The anilide, obtained in the usual manner, crystallises from 
acetic acid in short, blunt needles, melting at 250°: 

0°2061 gave 87 c.c. N, at 20° and 753mm. N=4'9. 

C,,;H,,O,;N requires N=4°77 per cent. 

3 : 6-Dichloro-7-methylcowmarin-4-acetic acid was obtained from 
the above acid in an analogous manner to that described in previous 
cases. Several crystallisations from alcohol gave colourless plates, 
melting at 231—232°. The product left after fusion, which was 
insoluble in alkalis, crystallised in needles, melting at 214°, and 
this melting point was not depressed by admixture with a speci- 
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men of 3:6-dichloro-4:7-dimethylcoumarin synthesised from 
chlorocresol and a-chloroacetoacetic ester : 
0°1396 gave 0°1400 AgCl. Cl=24°81. 
C,.H,O,Cl, requires Cl=24°7 per cent. 


Coumarins from p-Cresol : 6-Methyleoumarin-4-acetic Aetd. 


This compound, the yield of which roughly approximates to 20 
per cent. of the theoretical, separates from alcohol in long needles, 
melting at 181°; it loses carbon dioxide on heating above the 
temperature of fusion, and is converted into 4: 6-dimethyleoumarin 
(m. p. 148°): 

0°3012 gave 0°7323 CO, and 01233 H,O. C=657; H=4°5. 

C,oH,)O, requires C=66°05 ; H=4°58 per cent. 

The ethyl ester, C,,H,,0,, forms white, silky needles, melting at 
131°. 

The anilide, C\gH,,O,N, is sparingly soluble in alcohol, benzene, 
etc., but dissolves more readily in glacial acetic acid, from which 
it separates as a crystalline powder (m. p. 242——-243°). 

3-Chloro-6-methyleoumarin-4-acetic acid crystallised from chloro- 
form in fine, silvery needles; it melted, with evolution of carbon 
dioxide, at 163—-164°, and the residue (m. p. 159°) was identified 
as 3-chloro-4 : 6-dimethylcoumarin (p. 1646). 


1-Carboxy-4-methylcoumarone-2-acetic Acid, 
O 
J~ /™ 
\“ ‘C-CO,H 
C-CH,°CO,H 


4 


\4 


This was prepared from the preceding chloro-derivative by boil 
ing with alcoholic potassium hydroxide. It crystallised from dilute 
hydrochloric acid in soft, colourless needles, melting at 244°, and 
developed a purple colour on warming with sulphuric acid. It 
dissolved readily in water, and was reprecipitated on adding a 
mineral acid. The si/ver salt was analysed : 

0°1459 gave 0°0696 Ag. Ag=48°2. 

C,.H,0;Ag, requires Ag= 48-00 per cent. 


Me 


Coumarins from o-Cresol : 8-Methyleoumarin-4-acetic Acid. 


This was prepared by hydrolysis of the ethyl ester described 
below, no coumarin being isolated by the ordinary process of con- 
densing with acetonedicarboxylic acid. It crystallised in slender 
needles, melting at 184°, and evolved carbon dioxide on fusing for 
some time: 
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0°0818 gave 0°1998 CO, and 0°0325 H,O. C=666; H=44. 
C,.H,,O, requires C=66°1; H=4°6 per cent. 

The residue left after fusion was washed with dilute alkali and 
crystallised from alcohol, which yielded soft needles, melting at 
118°. Analysis gave numbers agreeing with those required by 
4:8-dimethylcoumarin : 

0°1270 gave 0°3516 CO, and 0°0561 H,O. C=75°5; H=577. 

C,,H,,O. requires C=75°86; H=5°74 per cent. 

The ethyl ester, which was prepared by a process similar to that 
adopted in the case of ethyl 4 :3-8-naphthapyrone-l-acetate, crystal- 
lised in minute needles, melting at 114°: 

0°1064 gave 0°2645 CO, and 0°0602 H,O. C=67'8; H=5°66. 

C,,H,,O, requires C=68°3; H=5°7 per cent. 


Coumarins from Oreinol : 5-Hydroxy-7-methyleoumarin-4-acetic 


\Z 
HO 6-CH,-CO,H 


This compound, which is obtained in good yield, is generally 
precipitated as a yellow solid, which, after repeated crystallisation 
from alcohol with the aid of animal charcoal, forms nearly colour- 
less needles, melting at 260—265°: 

0°2981 gave 0°6702 CO, and 01169 H,O. C=60°86; H=4°37. 

C,.H,,O; requires C=61°5; H=4°3 per cent. 

The acid dissolves sparingly in alcohol or acetic acid, and its 
solutions do not exhibit any fluorescence. On solution in alkali 
hydroxides, an intense yellow colour is developed, which gradually 
disappears on boiling, a colourless sodium salt being precipitated 
if the alkali is sufficiently concentrated. The acid develops a green 
colour with ferric chloride, and forms characteristic precipitates 
with solutions of lead, copper, and silver salts. Silver B-2:6- 
dihydroazy-p-tolylglutaconate, prepared from the dibasic acid 
formed by rupturing the lactonic ring, was isolated by the usual 
method : 

0°2206 gave 0°1039 Ag. Ag=47'l. 

C,,H,,O,Ag, requires Ag=46°3 per cent. 

On drying the coumarinacetic acid at 150—160° for several 
hours, it loses a molecular proportion of water, and is converted 
into an anhydride, which no longer dissolves readily in cold alkali 
hydroxides, nor is coloured yellow. On boiling with 10 per cent, 
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aqueous sodium hydroxide, it slowly dissolves, and from the solu- 
tion the original coumarinacetic acid is precipitated on acidifica- 
tion : 

0°1690 gave 0°4103 CO, and 0°0552 H,O. C=66'21; H=3°63. 

C,.H,O, requires C=66°66 ; H=3°70 per cent. 

The ethyl ester formed pale yellow, silky needles, melting at 
219°.. Dilute aqueous sodium hydroxide dissolved the substance 
in the cold to form a deep yellow solution; in a short time, how- 
ever, the colour disappeared, and a white, crystalline substance was 
slowly deposited, which was washed with alcohol and analysed, 
when it gave numbers agreeing with the formula for the sodiwm 
salt of the unchanged ester: 

0°1400 gave 0°0374 Na,SO,. Na=8°6. 

C,,H,,0;Na requires Na=8'l per cent. 

Methyl 5-methozy-7-methylcoumarin-4-acetate was precipitated 
as a dark oil on methylating the above acid in alkaline solution ; it 
was repeatedly washed with dilute alkali hydroxide and alcohol, 
and the semi-solid mass crystallised twice from alcohol and a third 
time from acetic acid; which deposited slender prisms, melting at 
133°: 

0°1074 gave 0°2508 CO, and 0°0512 H,O. C=63'7; H=5'3. 

C,,H,,O; requires C= 64°1; H=5°34 per cent. 

5-Methozy-7-methylcowmarin-4-acetic acid, obtained on acidify- 
ing the alkaline mother liquors from the preparation of the above 
ester, formed colourless needles radiating from a common centre, 
and melted at 205°. The residue left after the evolution of carbon 
dioxide melted at 141—142°, nor was this melting point lowered 
by admixture with 5-methoxy-4:7-dimethylcoumarin (m. p. 144°) 
prepared for comparison: 

0°1570 gave 0°3641 CO, and 0°0689 H,O. C=62°64; H=4°88. 

C,3H,.0; requires C=62°9; H=4'8 per cent. 

Ethyl 5-acetoxy-7-methylcoumarin-4-acetate, C,gH,,0,, forms 
groups of soft, colourless needles, melting at 139°: 

The benzoyl derivative, C,,H,,0,, crystallises from acetic acid in 
colourless plates, melting at 165°. 


Oxidation of 5-Hydrozy-7-methylcoumarin-4-acetic Acid. 


The compound (4 grams) was dissolved by boiling with a con- 
centrated aqueous solution of potassium hydroxide (10 grams), the 
solution cooled, diluted with water, and treated in the cold with 
potassium permanganate (4 grams), the mixture being ultimately 
warmed on the water-bath. After remaining overnight, the liquid 
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was filtered from the precipitated manganese oxide, the filtrate 
evaporated to a small bulk, acidified, and extracted with ether 
three times. The ethereal extract left on evaporation a quantity 
of crystals mixed with a viscid, yellow oil; this was extracted with 
small quantities of sodium hydrogen carbonate solution, filtered 
and acidified, and the deposited solid crystallised from the mini- 
mum amount of hot water, which furnished hard, colourless 
needles, melting and decomposing at 166—168°. It was doubtless 
identical with p-orsellinic acid, a specimen of which, prepared from 
orcinol, melted at 162—164°, nor was this melting point depressed 
by mixture with the above oxidation product. 


Coumarins from 0-4-Xylenol: 6:7-Dimethylcoumarin-4-acetic A cid. 


The condensation of xylenol with acetonedicarboxylic acid pro- 
ceeds very smoothly, more than 10 grams of the pure product being 
obtained from 20 grams of the reaction mixture. The freshly pre- 
cipitated substance forms a colourless powder, melting at 
213—214°. Crystallisation from alcohol gave well-defined needles, 
melting and decomposing at 198°, and passing into 4 : 6 : 7-trimethyl- 
coumarin (m. p. 169°) (Clayton, T., 1908, 938, 2018): 

0°1160 gave 0°2852 CO, and 0°0564 H,O. C=67°01; H=5'4. 

C,3H.0, requires C=67°24; H=5'17 per cent. 

The compound dissolves in boiling alkali hydroxide to form a 
colourless solution, from which, on acidification, the original 
coumarinacetic acid is slowly precipitated. 

The ethyl ester crystallises in clusters of soft, white needles, 
melting at 145°: 

0°0934 gave 0°2358 CO, and 0°0506 H,O. C=68'8; H=6°0. 

C,;H,,0, requires C=69°2; H=6'15 per cent. 

The anilide, C,gH,;0,N, crystallises from acetic acid in short, 
colourless needles, melting and charring at 259—260°. 

Ethyl 2-thio-6 : 7-dimethylcoumarin-4-acetate was prepared by the 
usual reaction, the same method of purification being applied as 
that described in dealing with the a-naphthapyrone derivative. It 
crystallised from acetic acid in short, reddish-yellow needles, melt- 
ing at 156°: 

0°1833 gave 0°1604 BaSO,. S=12°01. 

C,;H,,038 requires S=11°60 per cent. 

8-Nitro-6 : 7-dimethyleoumarin-4-acetic acid was obtained in pale 
yellow needles, melting at 189—190°: 

0°1861 gave 8°9 c.c. N, at 18° and 755 mm. N=5°48. 

C,;H,,O,N requires N=5-06 per cent. 
3-Chloro-6 :7-dimethylcoumarin-4-acetic acid formed oblong 
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plates, melting at 194—196°, with evolution of carbon dioxide, and 
passing into 3-chloro-4:6:7-trimethylcoumarin (m. p. 170°): 


0°1549 gave 0°0802 AgCl. Cl=12°81. 
C,3H,,0,Cl requires Cl=13°32 per cent. 


Coumarins from Pyrogallol: 7:8-Dihydroxycoumarin-4-acetic Acid, 
HO O 
oH’ \” \co 


t CH 
vs 
U:CH,-CO,H 


The yield of this compound varied from 40 to 60 per cent. of 
the theoretical. It crystallised from hot water or alcohol in aggre- 
gates of hard needles, melting and evolving gas at 214—-215°. The 
solid residue left after fusion crystallised from alcohol in striated 
prisms, melting at 232—233°. $-Methyldaphnetin, prepared by 
Pechmann and Cohen (Ber., 1884, 17, 2188), melts at 235°: 


0°2035 gave 0°4201 CO, and 0°0639 H,O. C=55°5; H=3°4. 
C,,H,O, requires C=55°9; H=3°34 per cent. 


The acid dissolves in dilute alkali hydroxides with a reddish- 
yellow colour, which changes to green on boiling; on acidifying, 
the coumarin is mostly precipitated unchanged, little or no decom- 
position having taken place. It develops an intense green colour 
with ferric chloride, and reduces ammoniacal silver oxide on warm- 
ing ; on adding lead acetate to an aqueous solution of the coumarin, 
a characteristic yellow precipitate is formed resembling lead 
chromate in appearance. The compound agrees with daphnetin in 
its general reactions and chemical properties, and, like the latter, 
forms a deep purple solution on boiling with sodium hydrogen 
sulphite solution, and then adding a drop of a ferric salt. 

The ethyl ester crystallises in clusters of prismatic needles, melt- 
ing at 191°: 

0°1167 gave 0°2516 CO, and 0°0472 H,O. C=58°85; H=4:50. 

C)3H;.0, requires C=59'1; H=4°54 per cent. 

The anilide forms nearly colourless, minute crystals, melting and 
decomposing at 270—272°: 

0°2271 gave 8°55 c.c. N, at 18° and 746 mm. N=4°3. 

C,,H,,0;N requires N=4'5 per cent. 
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Ethyl 7:8-Diketocoumarin-4-acetate, 


C-CH,°CO, Et 

The recrystallised ester (4 grams) was dissolved in the minimum 
amount of dry acetone (30 c.c.), and excess of lead peroxide (15 
grams) added. The mixture was boiled for a few minutes, and 
quickly filtered. On cooling, a dark carmine-red, crystalline 
powder was deposited, which was recrystallised from a mixture of 
benzene and light petroleum. It did not form any definite crystals, 
but separated in scales, melting and decomposing at 170—175°. 
The quinone rapidly reduced ammoniacal silver oxide, and dissolved 
in alkali hydroxides and in concentrated sulphuric acid with a 
deep brown colour. On pouring the latter solution into water, a 
dirty precipitate was obtained, which was found to be the original 
coumarinacetic acid, and melted after two crystallisations from 
hot water at 209—210°. 

Methyl 7:8-Dimethoxycoumarin-4-acetate, C\yH,sO,, crystallises 
from alcohol in soft, woolly needles, melting at 139°. On boiling 
with alkali hydroxides it is hydrolysed to the acid mentioned 
below. 

7 :8-Dimethorycoumarin-4-acetic acid separates from alcohol as 
a sandy, crystalline powder, melting at 179°. It dissolves in alkali 
hydroxides with scarcely any colour, and ferric chloride has no 
effect on its alcoholic solution : 

0°1213 gave 0°2630 CO, and 0°0508 H,O. C=5861; H=4°66. 

C,3H,.0, requires C=59°09; H=4°54 per cent. 

The dibenzoyl derivative of the ester crystallises from benzene 

in nodules, melting at 128°. 


Coumarins from Hydroxyquinol: 6:7-Dihydroxycoumarin-4-acetic 


Acid. 


The compound, which is obtained in a comparatively poor yield, 
generally separates in greenish-yellow crystals, but may be rendered 
almost colourless by boiling its solution in glacial acetic acid with 
a little zinc dust. It forms short prisms, melting at 214°; the 
residue left after evolution of carbon dioxide melted at 264—265°, 
and was found to be identical with 4-methylesculetin (Pechmann 
and Krafft, Ber., 1901, 34, 423). The acid dissolves in alkali 
hydroxides with a yellow colour, which exhibits a strong blue 
fluorescence on dilution. It reduces ammoniacal silver oxide on 


1642 DEY: A STUDY IN THE COUMARIN CONDENSATION. 


warming, and its chemical behaviour is similar to that of the 
esculetins : 

0°1381 gave 0°2812 CO, and 0°0383 H,O. C=55°46; H=3°08. 

C,,H,O, requires C=55°9; H=3°34 per cent. 

The ethyl ester, C,;H,.0,, crystallises from acetone in stellate 
aggregates of needles, melting at 214°. It develops a green colour 
with ferric chloride, but does not give any precipitates with silver 
nitrate, etc. 


Coumarins from Phloroglucinol: 5:7-Dihydroxycoumarin-4-acetic 
Acid. , 


The product obtained by condensing acetonedicarboxylic acid 
with phloroglucinol (dried at 100°) was found to be a mixture 
which melted very indefinitely. It was treated with a slight deficit 
of aqueous sodium carbonate, the solution filtered quickly, acidified, 
and the solid crystallised several times from alcohol, when a pure 
fraction was obtained, melting at 204—205°: 

0°1300 gave 0°2488 CO, and 0°0493 H,O. C=52'2; H=4°2. 

C,,H,0,,H,O requires C=51°96; H=3°93 per cent. 

The acid gives a crystalline silver salt, and forms a bright yellow 
precipitate with lead acetate. On being dried at 140—150°, it 
loses two molecular proportions of water, and is converted into the 
internal anhydride: 

0°1647 gave 0°3642 CO, and 0°0400 H,O. C=60°3; H=2°7. 

C,,H,O; requires C=60°55; H=2°75 per cent. 


Coumarins from p-Chlorophenol: 6-Chlorocowmarin-4-acetic Acid. 


This was obtained by hydrolysing the ethyl ester described below. 
It formed slender, colourless needles, melting at 182°, and passing 
into 6-chloro-4-methylcoumarin, melting at 185° (Clayton, T., 1908, 
93, 2020). 

The ethyl ester formed soft, silky needles, melting at 167°. 
The recrystallised product amounted to 0°7 gram from 15 grams of 
the mixture, the yield being less than 6 per cent. of that theoretic- 
ally possible : 

0°1290 gave 0°2776 CO, and 0°0499 H,O. C=587; H=4°3. 

C,3H,,0,Cl requires C=58°52; H=4'12 per cent. 


Coumarins from 6-Chloro-m-cresol : 6-Chloro-7-methylcoumarin-4- 
acetic Acid. 


This was obtained in an approximately 16 per cent. yield 
by condensing chlorocresol with acetonedicarboxylic acid. It 
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separated from alcohol on diluting with water in white flakes, 
melting at 206°, with loss of carbon dioxide and passing into 
6-chloro-4 : 7-dimethylcoumarin. The latter compound was synthe- 
sised from chlorocresol and acetoacetic ester, and crystallised from 
ethyl acetate in prismatic needles, melting at 213°, nor was this 
melting point lowered by admixture with the decomposition pro- 
duct obtained from the above acid: 

0°1241 gave 0°2601 CO, and 0°0390 H,O. C=57'2; H=3°5 

C,,H,O,Cl requires C=57°03; H=3°56 per cent. 

The ethyl ester, C,,H,,0,Cl, crystallises in flat needles, melting 

at 184°, 


Coumarins from m-Dimethylaminophenol: Ethyl 7-Dimethylamino- 
coumarin-4-acetate, 


C-CH,°CO,Et 

A mixture of pure redistilled acetonedicarboxylic ester (7 grams), 
m-dimethylaminophenol (5 grams), powdered anhydrous zinc 
chloride (6 grams), and absolute alcohol (20 c.c.) was heated on a 
paraffin-bath under reflux for twelve hours. The resulting strongly 
fluorescent liquid, which deposited a small amount of a viscid solid 
on cooling, was poured into cold water (400 c.c.) containing a little 
hydrochloric acid. A dark oil was precipitated, which, on washing 
with water containing dilute hydrochloric acid and leaving in con- 
tact with alcohol, slowly solidified to a crystalline cake. This was 
dried on porous earthenware and twice crystallised from a mixture 
of benzene and petroleum, from which there separated pale yellow 
nodules. <A third crystallisation from absolute alcohol, with the 
aid of animal charcoal, furnished the substance in slender, colour- 
less prisms, melting at 133°: 

0°1210 gave 0°2891 CO, and 0°0700 H,O. C=65'1; H=6°4. 

01566 , 74cc. No at 17° and 759mm. N=5°56. 

C,;H,,0,N requires C=65°4; H=6'2; N=5'l per cent. 

The substance dissolves in alcohol with an intense bluish-violet 
fluorescence, which disappears on adding hydrochloric or other 
dilute mineral acids. It is very readily soluble in benzene, ether, 
or chloroform, but the solutions in these media are almost without 
any fluorescence. The ester is hydrolysed on warming with alkali 
hydroxides, but prolonged boiling with concentrated aqueous 
potassium hydroxide leads to the scission of the coumarin ring, 
dimethylaminophenol being recovered from the decomposition pro- 
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ducts. A small amount of a second substance, dissolving in dilute 
sodium carbonate solution and melting at 247—249°, was also 
isolated, which was probably similar in structure to the compound 
described by Pechmann as _ bisdimethylaminodihydrocoumarone 
(Ber., 1899, 32, 3683). 

7-Dimethylaminocoumarin-4-acetic acid, prepared by the careful 
hydrolysis of the above ester, crystallises in sheaves of yellow 
needles, melting at 168°, with the evolution of carbon dioxide. 
The residue melted at 144°, the temperature recorded for 
7-dimethylamino-4-methyleoumarin being 145° (Pechmann, /oc. cit., 
p. 3690): 

0°2348 gave 12°1 c.c. N, at 18° and 750 mm. N=5°9. 

C,;H,,0,N requires N =5°66 per cent. 

The yellow colour of the substance is probably due to water of 
crystallisation, for on being dried at 100°, the anhydrous acid 
becomes almost colourless. The compound fluoresces strongly in 
alcohol or acetone, but much less so in glacial acetic acid, and is 
almost insoluble in benzene or petroleum. It is amphoteric in 
character, dissolving readily both in alkali hydroxides and dilute 
mineral acids, the solution in either case being non-fluorescent. 


II. Condensations with Oxalacetic Ester: Ethyl 6-Methyleoumarin- 
4-carbozylate, 


The condensation of p-cresol with oxalacetic ester is generally 
incomplete, and on pouring the reaction mixture into water, a 
yellow oil is precipitated, which is very difficult to purify. After 
washing with alkali and leaving in contact with dilute alcohol for 
several days, a pale yellow, sandy powder was obtained, from which, 
after several crystallisations from acetic acid, a fraction was isolated 
crystallising in colourless needles, melting at 155—157°. 

The acid, C,,H,O,, prepared from the foregoing ester by alkaline 
hydrolysis, melted at 208—210°, and intumesced several degrees 
below this temperature. 

Ethyl 6-Chlorocoumarin-4-carbozylate, prepared by condensing 
p-chlorophenol with oxalacetic ester at 0°, crystallises from dilute 
alcohol in bright yellow needles, melting at 96—97°: 

0°1604 gave 0°3225 CO, and 0°0531 H,O. C=54:8; H=3°68. 

C,.H,0,C1,4H,O requires C=55°06; H=3°8 per cent. 
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The acid forms pale yellow needles, melting at 224°: 
0°1836 gave 0°3600 CO, and 0°0413 H,O. C=53'5; H=2°5. 
C,»H;0,Cl requires C=53°45 ; H=2°23 per cent. 

Ethyl 6-Chloro-7-methylcoumarin-4-carbozylate was obtained in 
an excellent yield from 6-chloro-m-cresol and oxalacetic ester, care 
being taken not to allow the temperature to rise above 5° during 
the reaction. The heavy, yellow oil precipitated on pouring into 
water was distilled in a current of steam, and the residual solid 
crystallised twice from boiling alcohol, which deposited golden- 
yellow needles, melting at 117°: 

0°2150 gave 0°4597 CO, and 0°0834 H,O. C=5827; H=4°31. 

071833. ,, 00981 AgCl. Cl=12°12. 

C,,H,,0,Cl requires C=58'5; H=4°1; Cl=12°5 per cent. 

The alcoholic mother liquors gave on dilution a fresh crop of 
the above ester mixed with small quantities of a second substance, 
which was isolated, after repeated fractional crystallisation from 
dilute alcohol, in colourless needles, melting at 180—181°. 

The acid separates from alcohol as a crystalline powder, melting 
at 246°: 

0°1474 gave 0°2986 CO, and 0°0418 H,O. C=55°2; H=3°15. 

C,,H,;O,Cl requires C=55°34; H=2°93 per cent. - 

Ethyl 7-Methylcoumarin-4-carboxylate, C3H,O,, was obtained 
in extremely small amount from m-cresol and oxalacetic ester. It 
formed soft, pale yellow needles, melting at 94—96°, and was 
hydrolysed to the corresponding acid, C,,H,O, (m. p. 200°). 


Ethyl 4:3-B-Naphthapyrone-4-carbozylate. 


Bartsch (Ber., 1903, 36, 1968) examined the condensation of 
a-naphthol with oxalacetic ester, but did not succeed in isolating 
any product with #-naphthol. The above coumarin, which was 
generally obtained as a viscous mass, was subjected to the usual 
methods of purification, and crystallised from glacial acetic acid in 
colourless prisms, melting at 138°: 

0°2148 gave 0°5641 CO, and 0°0833 H,O. C=71°6; H=4°3. 

C\¢H 20, requires C=71°64; H=4°47 per cent. 

The acid, melting at 256°, gave a white silver salt: 

0°1383 gave 0°0434 Ag. Ag=31°3. 
C,,H;,O,Ag requires Ag=31°12 per cent. 


III. Condensation with Ethyl a-Chloroacetoacetate. 


The a-chloroacetoacetic ester was prepared by a slight modifica- 
tion of the process originally given by Allihn (Ber., 1878, 11, 569). 
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Acetoacetic ester (50 grams) was cooled to 0°, and sulphury] 
chloride (55 grams) added drop by drop. The action, which began 
in a short time, with evolution of sulphur dioxide and hydrogen 
chloride, was completed by warming on the water-bath for about 
fifteen minutes. The product was diluted with ether (200 c.c.), 
the ethereal solution repeatedly washed with small quantities of 
water until free from acid, dried, and the ether distilled off. The 
residue was distilled under diminished pressure (30—35 mm.), and 
the fraction 95—115° refractionated; the portion boiling at 
105—110°/30 mm. was collected. It weighed about 35 grams. 


3-Chloro-4 : en, 


Yo 
mA Ag — 


p-Cresol (5 grams) was dissolved in a-chloroacetoacetic ester 
(8 grams) with the aid of a little dry ether, and the mixture was 
slowly added to concentrated sulphuric acid cooled to 0°. A little 
hydrogen chloride was always evolved, due to partial decomposition 


of the chloro-ester; the dark-coloured liquid was left overnight in 
the ice-chest, and then poured on powdered ice. The viscid mass 
which was precipitated was washed with alkali, and then with 
dilute alcohol, and finally crystallised several times from boiling 
acetic acid with the addition of animal charcoal. Long, colourless 
needles were deposited, melting at 160°: 

0°1691 gave 0°3931 CO, and 0°0669 H,O. C=62°86; H=4:39. 

0°2151 ,, 01466 AgCl. Cl=17°05. 

C,,H,O,Cl requires C= 63°15 ; H=4°30; Cl=17°2 per cent. 

On boiling the chlorocoumarin with alcoholic potassium hydroxide 
for several hours, it was converted quantitatively into 2 : 4-dimethyl- 
coumarilic acid, melting at 224°, the temperature recorded by 
Hantzsch and Lang (Ber., 1886, 19, 1299). 


3-Chloro-4 : 7-dimethylcoumarin, 


Oo 
Me \“ 


\Ag jo 


This was prepared in an one manner by condensing 
m-cresol with a-chloroacetoacetic ester. A much better yield was 
obtained in this case, and the reaction was completed in five to six 
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hours. The substance crystallised from alcohol in prismatic 
needles, melting at 135°, and was converted by boiling alkali 
hydroxides into 2:5-dimethyleoumarilic acid (Fries and Ficke- 
wirth, Annalen, 1908, 362, 50): 

0°2231 gave 0°5181 CO, and 0°0904 H,O. C=62°75; H=4°51. 

0°3024 ,, 0°2086 AgCl. Cl=17°25. 

C,,H,O,Cl requires C=63°15; H=4°30; Cl=17°22 per cent. 


3-Chloro-4 :6 : 7-trimethylcoumarin, 


O 
Me/ “co 
Mo ya" go 
CMe 


An excellent yield of this substance was obtained by condensing 
o-4-xylenol with chloroacetoacetic ester; it separated from boiling 
alcohol in long, colourless needles, melting at 170°: 

0°2236 gave 0°5323 CO, and 0°1048 H,O. C=64°88; H=5-21. 

C,,H,,0,Cl requires C= 64°71; H=5-00 per cent. 


2:4:5-Trimethylcoumarilic Acid, 


The preceding coumarin (5 grams) was dissolved in hot alcohol 
(100 c.c.), a 30 per cent. solution of alcoholic potassium hydroxide 
(50 c.c.) added, and the mixture heated to boiling under reflux for 
five to six hours. 

On distilling off the excess of alcohol, diluting and acidifying, 
the above coumarilic acid separated out as an amorphous precipi- 
tate; crystallisation from ethyl acetate gave colourless needles, 
melting and decomposing at 249—-250°. When the acid was dis- 
solved in concentrated sulphuric acid, a violet coloration was 
developed, which changed to deep blue on warming; this remark- 
able colour reaction is found to be characteristic of most coumarone 
derivatives. A neutral solution of the acid gave precipitates with 
lead, copper, silver, and ferric salts; the silver salt was analysed : 

0°1987 gave 0°0685 Ag. Ag=34'51. 

C,,.H,,0,;Ag requires Ag = 34°72 per cent. 

On distilling the preceding coumarilic acid with excess of dry 
lime, it was converted into the corresponding coumarone, melting at 
41°, identical with 2:4:5-trimethylcoumarone prepared by Stérmer 
(Annalen, 1900, 312, 300). 
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3-Chloro-5 : 7-dihydroxy-4-methylcoumarin, 
O 
OH/ ba \co 


oF my 
OH CMe 

This was obtained by condensing phloroglucinol (6 grams) with 
ethyl chloroacetoacetate under the usual conditions, the yield of 
the crude product amounting to 4 grams. The coumarin crystal- 
lised from acetic acid in yellow needles, melting and decomposing 
at 306—308°; it dissolved in dilute alkali hydroxides with an 
intense yellow colour: 

0°1940 gave 071223 AgCl. Cl=15°6l. 

C,»H,0,Cl requires Cl=15°67 per cent. 

The dimethyl ether, prepared in the usual way, crystallised from 
alcohol in aggregates of colourless needles, melting at 170°: 

0°1047 gave 0°2159 CO, and 0°0413 H,O. C=56'2; H=4°38. 

C,,H,,0,Ci requires C=56°58 ; H=4°32 per cent. 

The diacetyl derivative, C,,H,,O,Cl, formed soft, silvery needles, 
melting at 154°. 

The dibenzoyl derivative, C,,H,;0,Cl, crystallised from pyridine 
in hard rhombic plates, melting at 187°. 


3-Chloro-6 : 7-dihydroxy-4-methylcoumarin, 


0 
oH’ \“ \co 
| pou 


The preparation of this compound in the pure state by con- 
densing hydroxyquinol according to the usual process is attended 
with mechanical difficulties, as the reaction is generally very in- 
complete. The dirty black product was repeatedly dissolved in 
dilute alkali, and reprecipitated with acetic acid, crystallised twice 
from dilute alcohol, and lastly from benzene and petroleum, from 
which there separated almost colourless needles, melting at 259°: 

0°1057 gave 0°2072 CO, and 0°0286 H,O. C=53:42; H=3°'01. 

01672 ,, 01032 AgCl. Cl=15-28. 

C,,H,0,Cl requires C=53°00; H=3-09; Cl=15°67 per cent. 

The substance dissolves in aqueous sodium hydroxide with a 
dark yellow colour, and the solution exhibits a pale blue fluores- 
cence on dilution with water. 

On boiling for some time, the alkaline solution becomes deep 


1649 


DEY: A STUDY IN THE COUMARIN CONDENSATION, 


green, and on acidification no solid is precipitated, the coumarin 
ring being apparently decomposed in the process. 

The diacetyl derivative, C,,H,,O,Cl, crystallised from chloroform 
in snow-white needles, melting at 172°. 

The dibenzoyl derivative, C,,H,,O,Cl, formed slender, flat 
needles, melting at 193°. 


3-Chloro-4-methyl-1 : 2-a-naphthapyrone, 
CO 
of Yoel 
\ 
ia die sata 
ee 
A satisfactory yield of this compound was obtained by con- 
densing a-chloroacetoacetic ester with a-naphthol by the usual 
method. It crystallised from glacial acetic acid in groups of long, 
stout needles, melting at 225—227°. On boiling with alcoholic 
potassium hydroxide it was converted quantitatively into 2-methyl- 
a-naphthafuran-l-carboxylic acid (Hantzsch and Pfeiffer, Ber., 
1886, 19, 1303): 
0°2528 gave 0°6403 CO, and 0°0846 H,O. C=6844; H=3°72. 
0°3224 ,, 01878 AgCl. Cl=14°56. 
C,,H,O.Cl requires C=68°57 ; H=3°67; Cl=14°51 per cent. 


Condensation with Ethyl aChloro-oxalacetate: Ethyl 3-Chloro-7- 
methyleoumarin-4-carbozylate, 
O 
Me” \” Noo 
SJ gu 
C-CO,Et 
m-Cresol (1 part) and chloro-oxalacetic ester (2 parts) were dis- 
solved in a little dry ether, and the solution poured drop by drop 
into well-cooled sulphuric acid (5 parts), the mixture being con- 
tinuously agitated during the operation. The liquid was coloured 
deep brown, and a little hydrogen chloride was also evolved. After 
leaving overnight in the ice-chest, it was poured into cold water, 
and the precipitated viscid mass repeatedly washed with small 
quantities of dilute aqueous sodium hydroxide. The solid product 
was collected, washed with warm alcohol, and the residue crystal- 
lised several times from acetic acid, with the addition of animal 
charcoal. Sharp, colourless needles were obtained, melting at 


154°: 
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0°2264 gave 0°4834 CO, and 0°0795 H,O. C=58:18; H=3°9. 
C,3H,,0,Cl requires C=58°53; H=4°12 per cent. 


5-M ethylcoumarone-1 : 2-dicarborylic Acid, 
O 
Me’ \“ \C-00,H 
| eee H 
\/ C-CO, 


This was obtained from the above chloro-derivative by the usual 
reaction with alcoholic potassium hydroxide. The acid separated 
from dilute alcohol as a crystalline powder, melting indefinitely 
between 218° and 221°, sintering several degrees below this 
temperature. It formed a white silver salt, and gave the charac- 
teristic coumarone reaction with concentrated sulphuric acid. 

Silver salt : 

0°2307 gave 0°1126 Ag. Ag=48'8. 

C,,H,0;Ag. requires Ag=50°00 per cent. 


Ethyl 3-Chloro-6 : 7-dimethylcoumarin-4-carbozylate, 
O 
Me/ \“ \co 
Me: CCl 
“\/NZ 
C-CO,Et 
Six grams of o-4-xylenol and 11 grams of the chloro-ester were 
dissolved in ether and treated with sulphuric acid, as described in 
the preceding case. The reaction proceeded very smoothly, the 
yield of the recrystallised material amounting to about 4 grams. 
It crystallised from alcohol in clusters of white needles, melting 
at 177°: 
0°1208 gave 0°2640 CO, and 0°0504 H,O. C=59'6; H=4°6. 
071996 ,, 01040 AgCl. Cl=12°88. 
C,,H,,0,Cl requires C=59°88 ; H=4°63; Cl=12°66 per cent. 


4:5-Dimethyleoumarone-1 :2-dicarborylic Acid, 


O 
4 
Me/ \YNc-c0,H , 
Me. ff VOR 
The acid, obtained by the usual method, crystallises from glacial 
acetic in short, colourless needles, melting at 321—324°. It is 
very sparingly soluble in alcohol, but dissolves more readily in hot 
water, from which it is reprecipitated on adding a few drops of a 
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mineral acid. It dissolves in concentrated sulphuric acid, and on 
warming the solution a rich magenta colour is developed: 
0°1037 gave 1°2335 CO, and 0°0395 H,O. C=61'4; H=4°24. 
C,.H,,O, requires C=61°53; H=4°27 per cent. 
Silver salt : 
0°1360 gave 0°0600 Ag. Ag=48°5. 
C,.H,O;Ag, requires Ag=48°21 per cent. 


4:5-Dimethylcoumarone, 


O 

Le ® 

is. ae 

An intimate mixture of the foregoing dicarboxylic acid (2 grams) 
with dry lime (20 grams) was heated in a hard glass tube, first 
cautiously and then more strongly, when the coumarone passed 
over as a vapour, which condensed to pale yellow drops of an oil 
having the characteristic pleasant odour noticed in the case of 
2:4:5-trimethyleoumarone (p. 1647). The physical constants of 
the liquid could not be determined with any accuracy, owing to 
the small amount available, but it was presumably identical with 
the coumarone described by Stoermer (Ber., 1897, 30, 1709). 


In conclusion, I desire to express my thanks to Professor J. F. 
Thorpe for the kind interest he has shown in this work, and also 
my indebtedness to the Research Fund Committee of the Chemical 
Society for a grant which has defrayed a part of the expenses of 
this investigation. 
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CLXXX.—The Determination of the Concentration of 
Hydroxyl Ions. 


By Francis Francis, Francis Henry GEAKE, and 
James WILLIAM Rocuae. 


During the last three years, a new method has been investigated 
in this laboratory for the determination of the concentration of 
hydroxyl ions, based on measurements of the rate of decomposition 
of nitrosotriacetonamine under their influence (T., 1912, 101, 
2358 ; 1913, 108, 1722). 
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The reaction is represented as follows: 

COSC Home> NNO —> H,0+N,+ CO<CH:CMe” 

The method employed, namely, measurement of the volume of 
nitrogen evolved, gave values for the unimolecular constant agree- 
ing to within 1—2 per cent., and the results were reproducible to 
within 2—3 per cent. To this degree of accuracy the method 
was available for the estimation of the concentration of hydroxy] 
ions within certain limits of concentration, discussed in the 
previous papers. 

The present communication describes in Part I an improvement 
in the method previously employed; we have found that by 
measuring the pressure of the nitrogen evolved results were 
obtained, for the unimolecular constant, of a much higher degree 
of accuracy, and, at the same time, the rapidity with which ex- 
periments could be carried out was not seriously diminished, both 
factors of importance for work we have in contemplation. 

In a few experiments on the hydrolysis of sodium carbonate, 
the new method gave data for the hydroxyl ion concentration in 
good agreement with those deduced from conductivity and electro- 
motive force measurements. 

The investigations described in Part II of this communication 
have enabled us, through the agency of nitrosovinyldiacetonamine 
or nitroso/sobutyldiacetonamine to bridge that region of ionic 
concentration which, owing to the “drift” in the constants, can- 
not be measured through the agency of nitrosotriacetonamine. In 
consequence of this, we have completed the value of the method 
as one for determining all values of hydroxyl ion concentrations. 

In Part II an account is given of the exploration of the cata- 
lysis of various nitrosoamines allied to nitrosotriacetonamine. It 
was carried out in the hope that information would be obtained 
on the actual nature of the reaction, but from this point of view 
no definite results were obtained. It was successful, however, in 
bringing to light the vinyl- and isobutyl-derivatives, and showing 
their value for our purposes. In small concentrations of the cata- 
lytic agent, a general similarity was found in the catalyses of all 
the nitrosoamines examined, but in concentrated solutions this was 
not the case, and, further, a well-marked divergence was observed 
in the behaviour of potassium and sodium hydroxides. 

Part III contains an account of some of the numerous results 
which we have accumulated on the action of neutral salts on the 
course of the catalysis. 
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Part I. 


I. Apparatus and Method. 


The reaction vessel employed in the previous experiments was 
found to be unsuitable when measurements of pressure were to be 
carried out, and in consequence another form was designed, equally 
convenient for measurements by either the old volume method or 
that now described. The sketch given in Fig. 1, together with the 
dimensions, requires little explanation. The tap of the reaction 
apparatus contains a cup, B, of between 7 and 10 c.c. capacity, 


Fie. 1. 
D 


into which the alkali or solution of nitrosoamine can be intro- 
duced through F, and this solution can then be shut in by turn- 
ing through a right angle. When desired, this cup becomes a part 
of the reaction chamber A by again turning the tap through a 
right angle. The only difficulty that is experienced with this 
apparatus is that of making this tap, which is of considerable size, 
gas-tight; this was finally overcome by binding it into the socket 
with rubber bands, and using the lubricant recommended by 
Travers (“Study of Gases,” p. 24). 

The reaction vessel fits into a wooden cradle, which is immersed 

VOL. CVII. 5 F 
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in the thermostat water, and shaken during the whole experiment 
by means of an electric motor. 

The holes #, EZ’ in the tap enable the solution in the cup to 
attain thermal equilibrium at the same time as the contents of 
the reaction chamber. 

The apparatus is attached by means of the tube C to a constant- 
volume burette, and the evolved nitrogen is collected under atmo- 
spheric pressure; this pressure is only altered by raising the 
mercury reservoir when readings have to be taken. 

These readings are made as rapidly as possible, after which the 
pressure is at once reduced to that of the atmosphere; this is 
done in order to minimise the difficulty of keeping the apparatus 
gas-tight. In all cases, the final, or infinity, reading was taken 
after a period had elapsed equal to ten times that required for 
the reaction to proceed half-way to completion. In the majority 
of cases, the reaction is sufficiently slow for two experiments to be 
made simultaneously; when this is the case, the apparatus is 
duplicated, set in the same cradle, and the two pressure tubes of 
the constant-volume burette placed side by side on the scale, in 
order that readings may be taken by the same cathetometer. 

‘The whole apparatus may be washed out with nitrogen through 
the tube D when the experiment has to be carried out in the 
absence of oxygen, the case, for instance, with the nitrosoamines 
of vinyl- and tsobutyl-diacetonamine. 


II. Velocity Measurements. Small Concentrations of Hydroxyl 
Tons. 


Nitrosotriacetonamine. 


In all experiments described in this communication, the solu- 
tions of sodium and potassium hydroxides were prepared from the 
metals by methods previously described, and the same precautions 
taken against access of atmospheric carbonic acid. 

The determination of the velocity constants in previous com- 
munications were based on measurements of the volume of the 
nitrogen evolved, and the value of the ratio k/OH’ was found 
to be 1°96 at 30°. 

The unimolecular equation, using the pressure method, is written 
as follows: 

bw 2 tog. Fo -% 
t PP, -P 
where P, is the pressure reading at the time taken as zero, P the 
reading at time ¢, and P, the infinity reading. 
In the volume method, the unit of time was the minute; in 
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the experiments described in this communication, the unit was the 
second, and in order to compare with the old method the necessary 
correction was introduced into the calculation of k. 

Table I gives a few of the results obtained, and it will be seen 
that the value for the ratio k/OH’ at 30°, namely, 1°92, the mean 
of twelve experiments, is in good agreement with that obtained by 
the old method; that is, for a given hydroxyl ion concentration 
the observed value for the velocity constant is the same, irrespec- 
tive of the method used for its determination. 


TaBLeE I. 
Nitrosotriacetonamine used =0°13 gram; t=30°. 


, Constant. 

Concentration. 

Expt. No. OH’-N. k Minimum. * Maximum. Mean. kj/OH. 
383 0-1592 0-03079 0-03093 0-03087 1-94 
386 0-1592 0-03042 0-03073 0-03059 1-92 
389 0-0244 0-04569 0-04641 0-04609 1-89 
391 0-02048 0-03876 0-03906 0-03889 1-90 


The values obtained by these pressure measurements are indi- 
cated in the above table, and it will be seen that the degree of 
accuracy obtainable is considerably greater than when the volume 


method is employed. 

The maximum and minimum values of the constants obtained 
in any particular experiment show that the difference between 
them is always small; indeed, for any given experiment, the maxi- 
mum deviation from the mean value is not greater than about 
07 per cent., whereas for volume determinations it frequently 
amounted to 3°0 per cent. 

In a similar manner, repetitions of the determination of the 
velocity constant, using the same concentration of hydroxy] ions, 
are in good agreement with one another, the maximum variation 
from the mean rarely exceeding 1°0 per cent., whereas in the 
volume method it often rose as high as 5°0 per cent. The method 
1s consequently about four or five times as accurate as that 
previously used, and it is on account of this increased accuracy 
that small hydroxyl ion concentrations can be measured with a 
owed that was not possible in the case of volume determina- 
ions. 

As the concentration of the ions increases, the unimolecular 
constants commence to “drift” in the neighbourhood of a con- 
centration of 0°05N, consequently between this value and that of 
0°35, when this “drift” ceases, the method is inapplicable. 
After the latter region has been passed, the method can again be 
used, as will be described later. 
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III. Velocity Measurements. Small Concentrations of Hydroxyl 
Tons. 


Nitroso-vinyl- and isobutyl-diacetonamines. 


An investigation of the catalysis of nitroso-vinyl- and tsobuty]- 
diacetonamines showed that in these cases the “drift” in the 
velocity constants does not commence until an ionic concentration 
of about 0°4N-OH’ has been reached; this fortunate discovery, 
then, enables that region of ionic concentration to be explored 
which could not be dealt with in the case of nitrosotriacetonamine. 

Some of the results obtained with both these nitrosoamines are 
given in table IT. 

TaBLeE IT. 


Nitroso-vinyldiacetonamine used=0°10 gram. 
t=40°. 


Concentration Constant. 
Normal. 


Expt. No. NaOH. OH’. k Minimum. k Maximum. Mean. 
660 0-331 0-277 0-04462 0-04779 0-04647 
661 0-331 0-277 0-04425 0-04758 0-04609 
620 0-414 0-323 0-05363 0-05558 0-05491 
618 0-4975 0-382 0-06181 0-06295 0-06299 


t=50°. 


0-148 0-131 0-07180 0-07311 0-07232 
0-204 0-174 0-09475 0-09924 0-09742 
0-223 0-191 0-1052 0-1109 0-1080 


Nitrosoisobutyldiacetonamine used=0°10 gram. 
t= 40°. 
0-166 0-146 0-03504 0-03550 0-03523 


0-331 0-277 0-06536 0-06732 0-06628 
0-412 0-323 0-07280 0-07741 0-07476 


t=50°. 
624 0-095 0-086 0-06036 0-06266 0-06127 0-713 


623 0-143 0-129 0-09036 0-09307 0-09169 0-711 
622 0-204 0-174 0-1216 0-1274 0-01247 0-718 


The mean values for the ratio &/OH’, obtained from all the 
data, are as follows: 


Nitrosovinyldiacetonamine at 40° =0°171 

” ” ” 50° =0°553 
Nitrosotsobutyldiacetronamine at 40° =0°241 
» 50° =0°714 


” ” 
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Unlike nitrosotriacetonamine, experiments with the vinyl and 
isobutyl derivatives have to be carried out in an atmosphere of 
nitrogen, since the phorone derivatives, or their decomposition 
products, resulting from the catalysis absorb oxygen. For this 
reason, a current of nitrogen was passed through the apparatus 
for ten minutes before each experiment. 

The velocity of decomposition of these derivatives is much slower 
than in the case of nitrosotriacetonamine, and at lower concentra- 
tions the experiments are more easily carried out at 50°, but 
beyond a concentration of hydroxyl ions of about 0°20N, a 
temperature of 40° is most suitable. 


IV. Temperature-coefficients. 


Nitrosotriacetonamine.—Previous measurements of the tempera- 
ture-coefficient of this substance by the old method had given the 
value of 2°20 between 30° and 40°, taking the ratio of k/OH’ at 
30° as 1°96. 

A careful redetermination of this constant was made between 
these two temperatures, and in order to avoid irregularities in the 
data at 40°, the values of the velocity constant were plotted 
against solutions of sodium hydroxide of hydroxyl ion concentra- 
tion between 0°005¥ and 0°02NV. These results for six different 
concentrations, three of which are given in table III, were in good 
agreement, and the ratio of &/OH’ at 40° found to be 4°52. 

Taking the new value of k/OH’ at 30° as 1°92, this gives a 
temperature-coefficient over this range of 2°35. Experiments 
carried out in this laboratory on the hydrolysis of soap (T., 1914, 
105, 958, 964) at higher temperatures, by the old volume method, 
indicated that the value of this coefficient fell as the temperature 
rose, giving at 90° a value of 2°0. 

In the apparatus we have described, difficulties in making the 
large tap gas-tight increase as the temperature rises and the grease 
becomes soft. 

For this reason, we cannot lay much stress upon the results 
obtained at 60°, but they confirmed the previously mentioned 
observation ; between 40° and 50° the temperature-coefficient was 
2°25, and between 50° and 60° the value 2°17 was obtained, that 
is, the coefficient appeared to diminish by successively decreasing 
amounts for each 10° rise, approaching a value of 2°0 at higher 
temperatures. 
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TaB_e ITI. 
Temp.-coeff. from 
Concentration. mean value of all 
Expt. No. 2, OH’-N. Mean value of k. k/OH’. observations of k. 
520 18° 0-04541 0-02768 “61: “— ‘ 
: 18° 00296 0-01844 “623 [bet ye a 
18° 0-02331 0-01405 5 , 


40° 0-124 0-5673 ‘96 | between 30and 40 
F | = 2-35 


40° 0-0183 
40° 0-0146 
50° 0-0074 ; ; \ between 40 and 50 
50° 0-0092 ; D 9-8 f = 2°25 


60° 0-0044 “0855: . \ between 50 and 60° 
60° 0-0044 - . 19-8 / =2-17 


A previous determination of the ratio of k/OH’ at 18° had 
given a temperature-coefficient of 2°58 between 20° and 30°. 
When these coefficients are plotted against temperature intervals 
of 10°, and compared with the corresponding curve obtained by 
Trautz and Volkmann (Zeitsch. physikal. Chem., 1908, 64, 53) for 
the saponification of methyl acetate by baryta water, a very close 
correspondence is noticed. 

These authors found a maximum value for the coefficient of 
about 2°35 between 10° and 20°, and as the temperature rose this 
fell to a value of nearly 1°9. 

When the catalysis of nitrosotriacetonamine is carried out in 
alcoholic solution, an account of which we hope to publish at a 
later date, the velocity of the reaction is considerably diminished, 
and under these conditions, between 30° and 40°, a coefficient of 
3°0 has been observed. In the case of the other nitrosoamines 
discussed, it has been found that those the catalyses of which 
proceed with the slowest velocity show the greatest temperature- 
coefficient. 

Nitrosovinyldiacetonamine.—The temperature-coefficient of this 
derivative, calculated from the data in table II, was found to be 
3°21 between 40° and 50°. 

Nitrosoisobutyldiacetonamine gave between 40° and 50° the 
value 2°96 for this coefficient (see table IT). 

Table IV summarises the nitroso-derivatives that can be used 
to determine low hydroxyl-ion concentrations. 
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TABLE LV. 


Determination of Small Concentrations of Hydroayl Ions. 
Cone. OH! =k,°/R. 
Range of OH’ Range of 


Nitrosoamine employed. concentration. Value of R. temp. 
t-30° 


Nitrosotriacetonamine up to 0-05N. 1-92 x2-35 30-40° 


t-4 
Nitrosovinyldiacetonamine up to about 0-40N. 0-171 x 3-21 rm 
Nitrosoisobutyl- ¢- 
diacetonamine up to about 0-40N. 0-241 x 2-96 ”° 


V. Hydrolysis of Sodium Carbonate. 


A few determinations of the hydrolysis of sodium carbonate 
were carried out in order to test the accuracy of the method. The 
data at 18° are compared (table V) with those given by Auerbach 
and Pick (Arb. Kais. Gesundh., 1911, 243). 


TABLE V. 


Nitrosotriacetonamine used =0°13 gram. 


t=18°. 


Concentration of OH’-N. 


Concentration 
of Sodium Auerbach 
Expt. No. Carbonate-N. Mean value for k Observed. and Pick. 
0-10 0-001332 0-00218 1 90-0022 
9-10 0-001370 0-00224 Jf i 
0-20 0-001603 0-00262 Y 
0-20 0-001665 0:00272 f ocaes 


It will be seen from the last two columns that the agreement 
between the values of hydroxyl-ion concentration is excellent when 
the low values of these concentrations are taken into account. 


VI. Velocity Measurements. High Concentration of Hydroxyl 
Tons. 


Table VI records experiments carried out with more concen- 
trated solutions of hydroxyl ions, namely, from 0°4N to 1°51, 
obtained from potassium and sodium hydroxides of concentrations 
given in the second column. 

The first part of the table deals with solutions of the former, 
and the second with the latter base. 

The velocity constants are plotted against the ionic concentra- 
tions, and the last column gives the smoothed values of the 
constants obtained by drawing a curve through the observed data. 
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The results are given in detail, since from them a curve of 
standard results may be made for those who desire to explore such 
regions of hydroxyl-ion concentrations. With concentrations of 
this magnitude, the accuracy of the method is not so great as with 
lower; in any given experiment, the velocity constants differ 
among themselves by an amount seldom greater than 1—2 per 


cent. 
TasBLe VI. 


Nitrosotriacetonamine used =0°12 gram. 
$= 30°. 
Concentration. Constant. 
; — . ~ Smoothed 
Expt. No. KOH. N. OH’ N. k Minimum.k Maximum. Mean. Values. 
559 0-492 0-410 0-09240 0-1004 0-09661 0-09640 
0-588 0-480 0-08349 0:08543 0-08462 0-08480 
0-626 0-507 0-0800 0-08356 0-08192 0-08050 
0-784 0-620 0-06325 0-06564 0-06450 0-06430 
0-815 0-646 0-06063 0-06194 0-06134 0-06150 
0-985 0-762 0-04607 0-04930 0-04798 0-0480 
1-048 0-807 0-04078 0-04295 0-04194 0-04375 
1-176 0-900 0-03603 0-03653 0-03628 0-03625 
1-287 0-967 0-03139 0-03192 0-03170 0-03175 
1-379 1-020 0-02768 0-02912 0-02843 0-02860 


NaOH. N. OH’ 
0-578 0-438 0-08857 0-09290 0-09077 0-0910 
0-746 0-551 0-07013 0-07111 0-07043 0-0718 
0-932 0-667 0-05525 0-05590 0-05558 0-0555 
1-259 0-843 0-03580 0-03644 0-03620 0-03690 
1-663 1-032 0-02595 0-02628 0-02611 0-0250 


If the ionic concentrations are plotted against the velocity 
constants, the curves obtained coincide in the “drift’”’ region, and 
their shape indicates that a similar phenomenon would be observed 
in concentrations above 1:1V OH’, but between these values the 
curve for sodium hydroxide falls below that for potassium 
hydroxide. 

We had noticed this difference in the behaviour of solutions of 
these two bases in previous experiments, using the volume method, 
but the accuracy of that method was not sufficiently great for any 
definite statement to be made. This divergence between solutions 
of the two bases becomes very marked in the cases of those nitroso- 
amines mentioned below. 


VII. Velocity Measurements. High Concentrations of Hydroxyl 
Tons. 


Nitroso-vinyl- and -isobutyl-diacetonamine. 
Table VII describes similar experiments to those just mentioned 
with nitrosovinyldiacetonamine and _ nitrosoisobutyldiacetonamine, 
using solutions of sodium and potassium hydroxides. 
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TaBLeE VII. 


Nitrosovinyldiacetonamine used=0'1 gram. 
t= 40°. 


Concentration. Constant. 
‘ # Smoothed 


Expt. No. NaOH-N. OH’-N. k Minimum.k Maximum. Mean. values. 
668 1-702 1-053 0-07800 0-08853 0-08382 0-0857 
665 1-974 1-140 0-08102 0-08636 0-08406 0-0834 
662 2-585 1-363 0-07129 0-07415 0-07182 0-0710 
663 3-064 1-407 0-06631 0-06867 0-06708 0-0674 
667 4-080 1-515 0-05569 0-05710 0-05656 0-05640 


KOH-N. OH’-N. 
673 2-072 1-395 0-07274 0-07950 0-07655 0-0762 
672 2-647 1-655 0-06243 0-06466 0-06335 0-06475 
670 2-993 1-780 0-05896 0-05953 0-05923 0-0582 
671 3-683 1-990 0-04329 0-04669 0-04500 0-0445 


Nitrosoisobutyldiacetonamine used=0'14 gram. 
t= 40°. 
NaOH-N. OH’-N. 
631 2-455 1-276 0-1013 0-1032 0-1020 0-0990 
634 2-947 1-388 0-08136 0-08716 0-08431 0-0835 
633 3-680 1-488 0-05768 0-05856 0-05789 0-0585 


KOH-N. OH’-N. 
637 2-187 1-450 0-1009 0-1285 0-1143 0-110 
636 - 2-485 1-587 0-09574 0-09779 0-09682 0-0965 
635 3-106 1-836 0-07491 0-07720 0-07608 0-0770 


The data show very markedly the wide divergence between the 
two bases, potassium and sodium hydroxides; this behaviour will 
be discussed later. 

Both the nitrosoamines, however, may be utilised to explore 
hydroxyl-ion concentrations, and the following statement (table 
VIII), taken in conjunction with table IV, for small ionic con- 
centrations, gives the various nitrosoamines, the region of con- 
centration for which each is most suitable, and consequently the 
complete empirical method for the investigation of all concentra- 


tions of such ions. 
Taste VIII. 


Concentration of OH’ ions at 
which k Max. concentration ° 
r on ~ of OH’ ions for which 
commences to again becomes Nitrosoamine is 
Nitrosoamine. drift. constant. suitable. 
Nitrosotriacetonamine about 0-05 N about 0-35 N up to 1-4 N 
for both NaOH and KOH. 


fabout14N upto 2-0 N for KOH 
about 0-40 NV) about 1-15 N upto 1-55 N for NaOH 


Nitrosovinyldiaceton- 


Nitrosoisobutyldiacet- 
: fabout15N upto 2-0 N for KOH 
Cannes about 0:40 VN) about 1-2 N up to 1-55 N for NaOH 
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In connexion with the above table, it may be pointed out that 
a concentration of 1°55V OH’ is approximately the maximum 
which can be obtained from solutions of sodium hydroxide. 


Part II. 


I. Catalysis of Various Nitrosoamines. 


The substances vinyldiacetonamine and isobutyldiacetonamine, 
previously mentioned, and others may be obtained, but never in 
good yield, by the condensation of diacetonamine oxalate and the 
corresponding aldehyde. The oxalates of the bases which result 
are converted into the nitrosoamines by solution in water and 
treatment with the calculated amount of sodium nitrite. Besides 
those previously described, the nitrosoamines of n-butyldiaceton- 
amine and valeryldiacetonamine were prepared. Table IX gives 
some of the data for these derivatives. 


TasLe IX. 


Nitroso-n-butyldiacetonamine used =0°12 gram. 
t=40°. 


Concentration. Constant. 


AL 


Expt. No. NaOH-N. OH’-N. kMinimum. kMaximum. Mean. k/OH’ 
639 0-331 0-276 004508 0-04650 0-04589 0-166 
643 0-4137 0-339 0-05412 0-05622 0-05505 0-162 
640 1-241 08330-07009 = -0-07377\ & gpigg » ~~ Smoothed 
650 1-360 0-900 0-06181 0-06908) (values, &e. 
649 1-974 1140 0-05643 0-06006 0-05848 0-06040 
648 2-385 1-365 0-04879 0-05110 0-04947 0-0470 
655 3-064 1-407 0-03897 0-04138 0-04051 0-04275 
645 4-080 1515 0-03007 0-03172 0-03105  0-03002 


KOH-N. OH’. 
652 1-346 1-005 0-06501 0-06806 0-06656 0-06630 
654 2-278 1-495 0-05492 0-05687 0-05567 0-05640 
651 2-696 1-672 0-04911 0-05133 0-05027 0-04980 
653 3-106 1-836 0-03588 0-03741 0-03660 0-04060 
656 3-680 1-990 0-02897 0-03092 0-03099 0-0295 


Nitrosovaleryldiacetonamine used =0°10 gram. 
#=50°. 
NaOH-N. OH’-N. 
663 0-0477 0-0447 00-0142 0-01607 0-01541 
664 0-0716 0-0650 0-02114 0-02390 0-02266 
655 0-1431 0-1270 0-05243 0-05609 Pe 
659 04137 0-339 0-06434  0-08042 drift 


Nitroso-n-butyldiacetonamine.—In this case, the “drift” region 
commences about a concentration of 0°4N-OH’, but appears to 
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eud sooner than in the case of the isobutyl derivative, that is, 
about 0°9N-OH’ from solutions of both sodium and _ potassium 
hydroxide. 

Nitrosovaleryldiacetonamine.—The “ drift’ region commences at 
a much lower ionic concentration than in any of the cases ex- 
amined. It may be mentioned that this nitrosoamine is less 
soluble in water than any of the others; it also possesses the slowest 
reaction velocity. This behaviour may be compared with the rate 
of hydrolysis of valeramide by alkalis (Crocker and Lowe, T., 1907, 
91, 952), which these authors showed was abnormally small com- 
pared with the other amides they examined. 


II. Comparison of the Catalysis of Nitroso-derivatives by Small 
Concentrations of Hydroxyl Ions. 


When the catalysis of the various nitrosoamines mentioned are 
compared, which is readily seen from the curves obtained by 
plotting the velocity constant against the ionic concentration, it 
will be found that all the curves are of the same type and differ- 
ences of velocity and the commencement of the “drift” region 
alone distinguish between them. 


III. Comparison of Catalysis by High Concentrations of Hydroxyl 


Tons. 


When the catalysis of the nitrosoamines by high concentrations 
of hydroxyl ions is compared in a similar manner to the previous, 
the most striking feature is very marked differences in the rate 
of catalysis by a definite concentration of hydroxyl ions derived 
from potassium hydroxide, as compared with the same concentra- 
tion derived from sodium hydroxide. This question will be dis- 
cussed further when the effect of neutral salts has been described. 
In these cases, undissociated sodium potassium hydroxides appear 
to be playing a part very similar to that of neutral salts. 

A 2N-solution of potassium hydroxide gives an hydroxyl-ion 
concentration of about 15, whereas to obtain this from sodium 
hydroxide a concentration of about 4°0N of this base would be 
required. 

The data, or the curves drawn from them as indicated, bring 
out the great similarity between the catalyses of the various 
nitrosoamines by potassium hydroxide on the one hand, and the 
corresponding sodium compound on the other. They should be 
compared with those for nitrosotriacetonamine, where the differ- 
ences between the rate of.catalysis, by the same ionic concentra- 
tion from the two bases, is not so well marked as it is in those just 


described. 
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A comparison of the two sets of velocity constants for the cata- 
lysis of the nitrosoamines in small and high concentrations makes 
it fairly clear that in the latter case we are dealing with a type 
of reaction very different from that which is taking place in the 
former. 

Part III. 


Influence of Neutral Salts. 


A few experiments on the effect of neutral salts have been 
previously described (T., 1913, 103, 1731), but since this effect 
could be measured with greatly increased accuracy by our new 
method, it appeared desirable to investigate the phenomena more 
fully. 

All the salts used were those described in Kahlbaum’s list as 
“Zur Analyse,” and were used in concentrations—volume normal 
—given in the third column in table X. In the first set of ex- 
periments, the effects of such salts in dilute solutions of hydroxy! 
ions were investigated ; when the ions were obtained from solutions 
of potassium hydroxide, potassium salts only were used; when 
from sodium hydroxide, sodium salts. 


I. Dilute Solutions of Hydroxyl Ions. Nitrosotriacetonamine. 


The results of the velocity determinations in the presence of 
neutral salts are given in table X. The ionic concentration was 
0°0455N-OH’ from solutions of potassium hydroxide; for this con- 
centration, the velocity constant is 0°08544. 


TABLE X. 


Nitrosotriacetonamine used=0'12 gram. 
t=30°. 


Salt Concentration Depression Relative 
Expt. No.employed. of Salt. Meanvaluek. percent. retardation. 
739 KCl 0-769 0-06679 21-8 28-3 
738 KCl 1-54 0-05347 37-4 24-2 
741 KCl 2-28 0-04313 49-5 21-7 
740 KCl 3-04 0-03348 60-8 20-0 


744 KNO, 0-528 0-06347 25-7 48-7 
745 KNO, 1-056 0-05408 36-7 34-7 
743 KNO, 1-583 0-05034 41-1 26-0 
742 KNO, 2-110 0-04525 47-0 22-2 


750 0-403 0-07286 14-7 36-9 
0-05846 31-6 31-3 
0-04449 47-9 28-4 
0-03311 61-2 24-2 
0-02877 66-3 19-7 


0-03878 54-6 45-5 
0-02230 73-9 30-8 
0-01527 83-3 23-1 
0-01025 88-0 18-3 
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The character of the retardation is seen from the last column, 
obtained by dividing the percentage depression by the concentra- 
tion of salt; the specific action of these salts on the velocity con- 
stant of the reaction is clear. 


II. Dilute Solutions of Hydroxyl Ions. 
Nitrosovinyldiacetonamine. 


In order to test further the action of neutral salts, we carried 
out a similar series with a different nitrosoamine, namely, that of 
vinyldiacetonamine, and used a different base, namely, sodium 
hydroxide, at a different concentration of hydroxyl ions, and, 
finally, a temperature of 50° instead of 30°. 

The results, given in table XI, were obtained by using an ionic 
concentration of 0°1602N-OH’, prepared from a solution of sodium 
hydroxide; at this concentration the velocity constant is 0°07775. 
Experiments 732 and 733 were made with a solution somewhat less 
concentrated, and showing a velocity constant of 0°08100. 


TaBLE XI. 


Nitrosovinyldiacetonamine used=0'1 gram. 
t=50°. 


Salt Concentration Depression Relative 
Expt. No. employed. of Salt N. Mean value ofk. percent. retardation. 
719 NaCl 0-06392 17-8 20-8 
720 NaCl . 0-05802 25-5 14-9 
718 NaCl , 0-04929 36-6 
717 NaCl 3 0-04071 47-6 


724 NaNO, . 0-04709 39-4 
721 NaNO, 0-03562 54-3 
723 NaNO, 0-02991 61-5 
722 NaNO, 0-02581 66- 8 


730 NaBr , 0-06355 18-2 
728 NaBr ; 0-04862 37-5 
727 NaBr , 0-03414 56-1 
726 NaBr 3: 0-02522 67-6 
725 NaBr , 0-01865 76-0 


732 Nal ° 0-04197 48-2 
733 Nal , 0-02527 68-8 
731 Nal ‘ 0-01490 80-8 
7304 Nal P 0-009274 88-1 
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Reference to the preceding data for nitrosotriacetonamine 
(table X) shows the very striking similarity that exists between 
the two sets of determinations; the catalyses of nitrosotriaceton- 
amine and of nitrosovinyldiacetonamine are influenced to a very 
similar degree by the negative ions of the salts used. 

In both cases the chlorides give a curve (percentage retardation 
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plotted against concentration of salts) of a different type from the 
others; in both cases the curve for the nitrates is similar, so also 
for the bromides and iodides, and in this latter case the similarity 
extends to a very close quantitative agreement. 

Koelichen (Zeitsch. physikal. Chem., 1900, 33, 176) has drawn 
attention to this quantitative agreement of the action of neutral 
salts on the velocity of the decomposition of diacetone alcohol to 
acetone by hydroxyl ions, compared with some determinations of 
Arrhenius on the saponification of methyl acetate by alkalis. In 
table XII we give this comparison, adding in the last two columns 
some of the results taken from tables X and XI. 


TaBLE XII. 


Percentage Change in Velocity Constant. 


Percentage change in velocity constant. 


Concentration-N of Nitroso- Nitroso- 


- ~ vinyldiaceton- triaceton- 
NaOH. OH’. Salt used. Koelichen. Arrhenius. amine. amine. 
0-0942 0-085 0-471 NaCl —13-3 —1]-2 — 

0-16 O14 0-471 NaCl ~ —_ —11+5 

0-049 00-0455 0-471 NaCl — . 


0-0942 0-085 0-942 NaCl — 22-4 
0-16 0-14 0-942 NaCl 


0-049 «90-0455 0-942 KCI 


0-0942 0-085 1-413 NaCl 
0-16 0-14 1-413 NaCl 


0-049 0-0455 1-413 KCl 


0-0942 0-085 0-942NaNO, —28-5 
0-16 0-14 0-942 NaNO, 


0-049 0-0455 0-942 KNO, _ 


00942 0-085 1-884Na,SO, + 4-9 
0-16 O14 1-884Na,80, — 


When the difference in the concentration of hydroxyl ions in 
each of the experiments is taken into account, together with the 
entirely different types of reactions involved, the general quantita- 
tive agreement among the data is very surprising. 

We found most irregular results when using potassium sulphate 
on the catalysis of nitrosotriacetonamine, and later experienced the 
same phenomena when investigating the influence of sodium 
sulphate on nitrosovinyldiacetonamine. In small concentrations 
of these salts, the action, which is an acceleration of the decomposi- 
tion, is somewhat similar in both cases, but as the concentration 
increases, potassium sulphate depresses the velocity, although to 
nothing like the same extent as the other salts. 
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On the other hand, sodium sulphate increases the velocity of 
decomposition, but in the most irregular manner. 


III. Discussion of the Effects of Neutral Salt Action, 


The results for neutral salts, with the exception of the sulphates, 
are qualitatively those which would be expected from the effect of 
mass. The addition of such salts would depress the ionisation of 
the base, thus diminish the concentration of hydroxyl ions, and 
consequently retard the reaction. 

When the law, however, is applied qualitatively, the difference 
between the observed and calculated velocity constants, differing 
from 1—6 per cent. in the cases of small concentrations of salts, 
rises to between 20 and 60 per cent. when the latter increase to 
1N and beyond, and it is clear, as would be expected, that the 
mass law will account for only a small part of the retardation 
observed on the addition of neutral salts, and there is a very con- 
siderable effect that cannot be explained by the application of 
this principle. 

Neutral salts exert some influence on the reaction other than 
that due to their concentration. From some experiments we have 
carried out, we do not consider that the additional effect can be 
explained by reference to viscosity, although it may play some 
part. { 

A 40 per cent. solution of glycerol, with a viscosity of more 
than four times that of water, produces a retardation of the 
velocity of the decomposition of nitrosotriacetonamine of 32°3 per 
cent., whilst a 1°0N-solution of potassium nitrate causes a retard- 
ation of 35 per cent., although Arrhenius has shown that the 
viscosity of such a solution at 17°06° is less than that of the pure 
solvent at the same temperature. 

The views associated with Snethlage and a number of other 
authors, that in reactions which are catalytically accelerated by 
acids the undissociated acid molecule, in addition to the hydrogen 
ion itself, is capable of catalysing the reaction, gives no explana- 
tion when applied to the phenomena we have described; if the 
bases we have examined possess any catalytic action, they are 
completely masked in dilute solutions by other effects. 

Numerous attempts have been made by Arrhenius and his co- 
workers to account for neutral salt action on the supposition that 
the addition of salt increases the dissociating power of the medium ; 
this would mean that in the experiments described, and others in 
which the neutral salt was in smaller concentrations than those 
given in the above tables, the decrease in the hydroxyl-ion con- 
centration should be less than that calculated from the mass law. 
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The experimental results point in the opposite direction; they are 
all greater than can be accounted for by this means. 

One fact is brought out clearly by these experiments—the anions 
affect the velocity of the decomposition in exactly the same order 
as that. found in the lyotropic series for alkaline solutions, namely, 


CNS>I>Br>NO,>Cl>80,. 


Our results are as follows: 
With sodium salts below 1:5 WV: 1>NO,>Br>Cl 
ie * » abore LEN: 1>Br>NO,>Cl 
With potassium salts below 1-2 V: L>NO,>Br>Cl 
a ‘ . frm 1-2—2-0 NV: 1>Br>N0,>Cl 
»» above 2N: 1>Br>Ci>NO, 


” % 


It will be seen that the position of the nitrates in the series 
alters with its concentration, and it is interesting to compare this 
behaviour with the other anions the order of which is apparently 
always the same in alkaline solutions, whereas the NO, anion is 
variable. 

Thus, in hemolysis the order is I> NO, >Br>Cl>SO,, but 
in salting-out effect I> Br>NO,>Cl>SO,. We are inclined 
to conclude from these series, and from the quantitative data 
given in table XII, that the action of neutral salts is characteristic 
and probably independent of the reaction or process in which they 
are acting. 

We have, then, linked together neutral salt action and the so- 
called lyotropic series, and any theory of such action must take 
this phenomenon into account. 


IV. Mathematical Expression of Neutral Salt Action. 


The shape of the curves, obtained as indicated from the results 
in tables X and XI, appears to bear some resemblance to ordinary 
exponential curves, and we therefore attempted to express the 
results in mathematical form. 

We found that on plotting the logarithm of the amount of 
hydroxyl ions which had apparently disappeared per unit of salt 
present against the logarithm of the amount left, straight lines 
were obtained. 

This relationship is represented by the empirical equation 


2 _ Koz 


m 


1 
log. = = . 
08 . = a C + log K. 
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where C'=conc. of OH’ ions left, z=-amount of OH’ ions removed, 
m=the amount of salt present, all in mols. per litre. 

The straight lines obtained are shown in Fig. 2. 

The relationship appears to hold equally well for the correspond- 
ing experiments with nitrosotriacetonamine and the potassium 
salts; it does not hold so well for potassium chloride, and fails for 
sodium chloride. For potassium chloride, bromide, and sodium 
bromide the curves are parallel, indicating that the value for m is 
of the same order of magnitude, 


Fig. 2. 


j With NaBr ... . 


ian 
Nitrosoamine of NaNOs.. . 


vinyldiacetonamine \ 
. ” 

| With KCI . 

of triacetonamine ~ ”’ beg 


Table XIII gives the approximate values of the constants K 
1/n in the above expression. 


TaBLe XIII. 
N from slope 

of curve. . Log K. K 
0-739 ° —0-07 0-851 
0-421 , 0-325 5-12 
1-47 , —0-07 0-20 
0-618 . —0-2 0-631 

* 0-590 . 0-25 1-778 
0-833 . —O-14 - gy 0-724 
2°58 , —0°65 .,° 0-224 
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The above table shows that the depression of the velocity con- 
stant in the case of the nitrate is proportional to a power of the 
concentration of salt greater than unity, but with the other salts 
the value is less than unity. This applies to both sodium and 
potassium salts. 

We are unable at present to offer any interpretation of the 
empirical relationships just described, but the fact that the neutral 
salt effect can be described by such a formula, together with the 
existence of the lyotropic series, indicates that the phenomena are 
to be ascribed to some type of chemical equilibrium in which the 


salt added plays a part. 


V. Application to Catalyses of Nitrosoamines by High 
Concentrations of Hydroxyl Ions. 


We have described the data obtained for the catalysis of nitroso- 
amines by high concentrations of hydroxyl ions, and considerisg 
that it was possible that these also were a case of neutral salt 
action, we applied the empirical relationships just described. 

There is always a large excess of sodium hydroxide over 
potassium hydroxide for a given hydroxyl-ion concentration, and 
we tried to find some relationship between the difference in the 
observed velocity constants for a given hydroxyl-ion concentra- 
tion (Axoun—*yson) and the corresponding difference in the 
amounts of base present, that is, Cy,.o,—Cxoy. Since the concen- 
tration of hydroxyl ion is the same, the latter difference gives the 
difference in the concentration of undissociated molecules. 

The form of the expression is the same as that previously 
employed for neutral salts, for example, 

log(k, — ky) = 1/n log (C, - C,) +log K. 

On plotting log (Cy,on—Cxoa) against log (kxou— Kyou ), @ Series 
of straight lines were obtained for the nitrosoamines of n-buty]-, 
vinyl-, and isobutyl-diacetonamine. These are given in Fig. 3. 
The law appears to hold with a high degree of accuracy in these 
cases; the points all lie on or very close to a straight line. The 
slope of the three curves is the same; if we assume that the effect 
is proportional to some power of the concentration of the base, 
then this power is independent of the nitrosoamine used. In the 
above expression, »=0°714, and K for nitrosoisobutyl- =0°1585; 
for nitrosovinyl- =0°2818, and for nitroso-n-butyl-diacetonamine = 
0°5012. 

We consider, again, that these curves point to the existence of 
some chemical equilibrium between the nitrosoamine and the un- 
dissociated molecules of the base. 
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VI. Neutral Salts. High Concentrations of Hydroxyl Ions. 


We think it clear from what we have previously described that 
there can be no doubt that the type of catalysis by concentrated 
solutions of hydroxyl ions, say beyond 0°41, is very different 
from that which takes place in dilute solutions. It was for this 
reason that we carried out a series of observations on the action 
of neutral salts in high concentrations of hydroxyl ions, using for 
this purpose nitrosotriacetonamine, where the curve representing 
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the proportionality between the rate of reaction and hydroxyl-ion 
concentration is not a straight line, but approximates to an hyper- 
bola. The results are given in table XIV; the experiments with 
potassium chloride were made with volume normal solutions, in 
which the hydroxyl-ion concentration was 0°695N and the velocity 
constant 0°0551. In the other cases the solutions were weight 
normal, and the necessary corrections made to reduce both salt and 
hydroxyl-ion concentration to volume normalities. In such cases, 
the velocity constant corresponding with the hydroxyl-ion concen- 
tration in the absence of salts was obtained from the standard 
curve. 
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Taste XIV. 


Nitrosotriacetonamine used =0°12 gram. 
t =30°. 


Concen- Concen- Relative 

tration tration Percentage retardation 

of Salt. of OH’ Mean value depression — or 
Expt. No. Salt. N. N. of k. acceleration+ acceleration. 


752 0-695 0-05068 
754 . 0-695 0-04371 
753 ; 0-695 0-03792 


472 } 0-526 0-07132 
474 . 0-508 0-07482 
477 0-483 [0-06886] 
478 ° 0-463 [0-06696} 


482 . 0-493  [0-1068] 
481 . 0-445  [0-1079] 
484 . 0-389 — [0-07879] 
485 0-351  [0-06548] 


506 ° 0-0370 [0-05773] 
507 ° 0-0370 0-04451 
508 P 0-0370 0-03185 


— S2eq@ 


bom 


In the above table, the velocity constants enclosed in a bracket 
indicate that these are “drifting’’ and the mean value has been 


taken. 

The effect of neutral salts on the catalyses, by hydroxyl ions of 
the concentration employed, is more clearly brought out by 
plotting the percentage acceleration on retardation of the velocity 
constant against the concentration of salt. 

We consider that it is probable that the addition of salts like 
potassium iodide and thiocyanate may depress the dissociation of 
the potassium hydroxide, hence accelerate the reaction to such an 
extent that the concentration of hydroxyl] ions falls to that region 
which we have termed the “drift” region, possibly beyond, where 
the relationship between & and hydroxyl ions is expressed by a 
straight line. Experiments that we have carried out in alcoholic 
solution have shown that as the percentage of water decreases, the 
velocity of the reaction diminishes, and with it the maximum value 
attained by & in the “drift” region; this behaviour may be 
compared with the fact that the maximum value attained in the 
case of the two salts is different in each case, and both are different 
from nitrosotriacetonamine catalysed by hydroxyl ions in the 
absence of salts. 

In the above experiments the same lyotropic series is again 
observed, but none of the views previously mentioned appear 
capable of offering anything but the most partial explanation of 
the phenomena. 
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Conclusion. 


We think it clear that no satisfactory explanation of the 
mechanism of the catalyses we have described is to be obtained by 
further kinetic measurements, since varying the nature of the 
nitrosoamine catalysed has given no further information. 

If any conclusion can be drawn, we think it lies in the forma- 
tion of some type of complex between base and nitrosoamine in 
concentrated solutions, followed probably by a decomposition in a 
new direction, giving phorone or analogous derivatives. In dilute 
solutions of hydroxyl ions, however, no evidence for this view could 
be obtained by conductivity measurements. The conductivity of 
the alkali was unaltered by the addition of the nitrosoamine, and 
showed the same value before, during, and after the reaction was 
complete. 

In higher concentrations difficulties were met with, owing to 
the separation of oil on the electrodes, etc., and the experiments 
are not yet complete. 

We hope to investigate the problem further by measurements of 
the distribution ratio of the nitrosoamine between water and a 
second solvent, with and without the addition of alkalis. It should 
be possible to carry out these experiments at 0°, as the velocity 
of the catalyses of the nitrosoamines at this temperature is very 
small. ‘ 


Our thanks are due to the Bristol University Colston Society and 
to the Research Committee of the Chemical Society for grants 
which have defrayed the expenses of this work. 
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CLXXXI.-—The Action of Alkalis on the Nitrosoamines 
of 4-Piperidone Derivatives. 


By Eric Dopprett Evens, Epcar CraNTHoRNE GIFFoRD, and 
WaLTER Epwarp LaMBouRNE GRIFFITHS. 


Ir has been found by Francis (T., 1912, 101, 2358) that the 
2:6-tetramethyl derivative of 4-piperidone—the substance usually 
called triacetonamine—is quantitatively converted into phorone, 
water, and nitrogen by the catalytic action of hydroxyl ions. 
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The investigations described in this communication were under- 
taken with the double object of preparing various nitrosoamines 
for the further examination of such catalytic actions, and also to 
determine the nature of the resulting derivatives. 

In the majority of cases the nitrosoamines were obtained with- 
out difficulty, and, with the exception of the aromatic derivatives, 
were sufficiently soluble in water for the first of the purposes 
mentioned. An account of the catalyses of some of these deriv- 
atives will be found in the preceding communication. 

From that paper it will be seen that the derivatives investigated 
are catalytically decomposed by hydroxyl ions according to the 
unimolecular reaction, but both in these and other cases we were 
only able to isolate a few of the substances corresponding to 
phorone. 

The condensation of diacetonamine oxalate and aldehydes to 
form 4-piperidone derivatives was first observed by Heintz 
(Annalen, 1877, 189, 214; Ber., 1878, 11, 1826), and later ex- 
amined by E. Fischer (Ber., 1883, 16, 2236; 1884, 17, 1793), 
Antrick (Annalen, 1885, 227, 365), and Kohn and Wenzel 
(Monatsh., 1906, 27, 981). 

The * dernigi is represented as follows: 


CH,-CHR 
co<Ck H.-CMe, ‘NH, +R-CHO —> CO<oR. CMe, >NH + 8.0, 


and, according to Fischer’s nomenchature, the dale compounds 
are termed R-diacetonamines. 

The reaction takes place in alcoholic solution, and the resulting 
oxalates generally separate out slowly from the boiling solution as 
the reaction proceeds. When the reaction is complete, the solid 
is collected, and a further amount can be obtained from the 
filtrate by evaporation and treatment with ether, in which medium 
the oxalates are insoluble. 

In this manner the following derivatives were prepared, the 
names of those now described for the first time being italicised. In 
each case the yield of the oxalates is stated : 

isoButyldiacetonamine, 80 per cent.; phenyldiacetonamine, 62 
per cent.; cinnamyldiacetonamine, 60 per cent.; isovaleryl- 
diacetonamine, 60 per cent.; vinyldiacetonamine, 60 per cent. ; 
anisyldiacetonamine, 50 per cent.;  p-tolyldiacetonamine, 
C\,H,ON, 50 per cent.; n-butyldiacetonamine, CyH,ON, 42 
per cent.; heptyldiacetonamine, 40 per cent.; n-propyldiaceton- 
amine, CyH,,ON, 26 per cent. 

The reactivity of the aldehydes in this condensation may be 
judged from the yield of the product. The nitrosoamines of these 
substituted 4-piperidones are obtained by dissolving the oxalates 
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in water or dilute acids, and adding the calculated amount of 
sodium nitrite; the derivatives separate out slowly, and in nearly 
theoretical amount. Vinylnitrosoamine is best recrystallised from 
dry ether, and the others from dilute alcohol. 

The following were prepared, and in each case analysed, with the 
exception of the vinyl, ‘sobutyl, and phenyl derivatives; they do 
not appear to have been previously described : 

Nitrosoamines of propyldiacetonamine, C,H,,0,N, (m. p. 28°); 
of n-butyldiacetonamine, C,jH,O,N, (m. p. 44°); of ptolyl- 
diacetonamine, C,,H,,O.N, (an oil); of cinnamyldiacetonamine, 
C,;H,0.N. (m. p. 126°); of valeryldiacetonamine, C,,H,,O.N> 
(m. p. 59°); of heptyldiacetonamine, C,,;H,,O,N, (an oil); of 
anisyldiacetonamine, C,,H,O,N, (m. p. 74°); of vinyldiaceton- 
amine, C,H,,O,.N, (m. p. 59°); of phenyldiacetonamine, 
C,3H,,O.N. (m. p. 75°; Kohn and Wenzel give 66—68°); and of 
isobutyldiacetonamine, CoH sO. (m. p. 56°; Kohn and Wenzel 
give 51—52°). 

The decomposition of nitecestylonstonemsine by hydroxyl ions is 
quantitatively represented as follows: 


wR OMe wenn _ CH:CMe 
CO<G H?-CMe> NO = H,O+N,+ CO<GHCMe, 


We expected that the nitrosoamines mentioned above would 
decompose in a similar manner, and give rise to compounds 
analogous to phorone, but the following short summary of our 
investigations shows that but few of the derivatives enumerated 
yield such compounds as readily or in such good yield as does 
nitrosotriacetonamine. 

Nitrosophenyldiacetonamine._-When this substance is dissolved 
in alcohol and treated with a small quantity of sodium ethoxide 
in the absence of oxygen, nitrogen is evolved on warming. When 
the reaction is complete, the solution is treated with excess of 
water and extracted with ether. On evaporation of the washed 
and dried ethereal solution, a yellow oil was obtained, which partly 
solidified on keeping; the solid was: collected, and the oil again 
slowly deposited crystals. By repeating this process, a fair 
quantity of a white, crystalline material was obtained, which 
melted at 88° after recrystallisation from alcohol. This substance 
was a compound of the formula (CHPh:CH-CO-CH:CMe.,), : 


0°1627 gave 0°4985 CO, and 0°1148 H,O. C=83'°56; H=7°84. 
C.,H,,0, requires C= 83°87 ; H=7°53 per cent. 
A molecular-weight determination by the ebulliscopic method, 


using acetone as solvent, gave M.W.=371, whereas the above 
formula requires M.W. =372. 
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The yellow oil, which appeared to deposit continuously small 
quantities of the above product, could not be purified by fractional 
distillation, but an analysis and molecular-weight determination of 
the unpurified material led us to the conclusion that it was a mix- 
ture of a-phenyl-e-methyl-A“ hexadien-y-one, 

CMe,:CH-CO-CH:CHPh, 
with the previously mentioned polymerised product. 

Nitrosoanisyldiacetonamine.—When this nitrosoamine is treated 
in an exactly similar manner to that just described, a quantitative 
yield of a yellow oil is obtained. This oil slowly solidifies, and 
the solid may be recrystallised from light petroleum, when 
a-p-methozxy phenyl-e-methyl-A=-hexadien-y-one, 

CMe,:CH-CO-CH:CH-C,H,-OMe, 
is obtained in large yellow plates, melting at 56°: 
0°1708 gave 0°489 CO, and 0°1228 H,O. C=781; H=8°0. 
C,,H,g0, requires C=77°8; H=7°4 per cent. 

A molecular-weight determination by the ebullioscopic method, 
using acetone as solvent, gave M.W.=231, whereas the above 
formula requires M.W.=216. 

Nitrosocinnamyldiacetonamine.—This derivative, when treated 
in a similar manner to the others, was the only one investigated 
that gave, without difficulty, a good yield, namely, 85 per cent. 
of a-phenyl-n-methyl-Aevs-octatrien-e-one, 

CMe,:CH-CO-CH:CH-CH:CHPh, 
which crystallises from either dilute alcohol or light petroleum in 
yellow needles or plates, melting at 87°5°: 

0°1214 gave 0°3795 CO, and 0°840 H,O. C=85°'25; H=7°68. 

C,;H,,0 requires C=84'9; H=7°55 per cent. 

A molecular-weight determination by the ebullioscopic method, 
using acetone as solvent, gave M.W.=220, the theoretical value 
being 212. 

When the above derivative is dissolved in carbon disulphide and 
treated with bromine, a hezabromide is formed, which, after re- 
crystallisation from glacial acetic acid, melts at 160°: 


0°1808 gave 0°2959 AgBr. Br=69°6. 
C,;H,OBr, requires Br=69°3 per cent. 


Nitrosoisobutyldiacetonamine.—When this substance was treated 
in a similar manner to the others, great difficulty was experienced 
in obtaining pure By-dimethyl-Ay-octadien-e-one, but we finally 
isolated a small quantity of an oil boiling at 93—98°/11 mm.: 


0°1688 gave 0°4830 CO, and 0°1556 H,O. C=78'0; H=10°25. 
CypH,O requires C=78°94; H=10°52 per cent. 
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A molecular-weight determination by the method previously 
employed gave 164, the theoretical value being 152. 

This substance, which was nearly pure By-dimethyl-Ays-octadien-e- 
one, CMe,:CH-CO-CH:CH-CHMe,, has D® 0°8804 and aj 1°48056 ; 
this gives a molecular refractivity of 49°05 and an exaltation of 
2°17. This exaltation may be compared with that of phorone, 
which is 3°05. 

When this derivative is dissolved in carbon disulphide and 
treated with bromine, it gives a tetrabromide, which melts at 
76—77° on recrystallisation from dilute alcohol : 

0°149 gave 0°2370 AgBr. Br=67°7. 

C,o9H,OBr, requires Br=67°8 per cent. 

When the nitrosoamines of vinyl-, propyl-, n-butyl-, and valeryl- 
diacetonamines are treated with alkalis in a manner similar to 
that previously described, precautions being taken to prevent 
access of atmospheric oxygen, oils are obtained in each case with 
characteristic pleasant odours, somewhat resembling that of 
phorone. 

In each instance the oils were fractionated under diminished 
pressure, but analyses of various fractions showed that in no single 
case were we dealing with a pure substance, and the data indi- 
cated that during the preparation oxygen had been absorbed. 

Derivatives similar to those described, and analogous to phorone, 
which we had expected to obtain from the above nitrosoamines, 
are clearly not very stable substances, and much larger quantities 
of nitrosoamines, and greater precautions to exclude oxygen, must 
be taken if these substances are required. It is not proposed to 
investigate them further in this laboratory. 

a-Pheny]-7-methyl-A*%-octatrien-e-one, the preparation of which 
offers no difficulties, possesses an interesting system of conjugated 
and cross-conjugated double bonds; it will be investigated at some 
future date. 


Our thanks are due to Prof. F. Francis for the assistance he has 
given us in this investigation, and to the Chemical Society and 
the Bristol University Colston Society for grants which have 
defrayed the expenses of the work. 
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CLXXXIL.—The Interaction of Perchloric Acid and 
Potassium Sulphate as an Example of Reversible 
Change. 


By Witiiam Avrrep Davis. 


In estimating potassium in the presence of sulphates, it is gener- 
ally considered necessary to convert these into chlorides by adding 
a slight excess of barium chloride prior to evaporation with the 
perchloric acid used to convert the potassium salt into perchlorate. 
Examples have, however, been given by the author in a previous 
paper (J. Agric. Sci., 1912, 5, 58, 59) showing that 0°1 gram of 
potassium sulphate, when directly evaporated with 2°5 c.c. of 20 
per cent. perchloric acid, gives almost the theoretical quantity of 
perchlorate. Further experiments have shown that the action of 
perchloric acid on sulphates is reversible. When potassium 
sulphate is evaporated with perchloric acid, so long as this acid 
remains in considerable excess, the change takes place quantita- 
tively according to the equation 
K,SO, + 2HClO,—> 2KCl10,+H,SO, . . . (i) 
If 95 per cent. alcohol is added, the crystals separating out consist 
of pure potassium perchlorate, entirely free from sulphate; the 
weight obtained corresponds quantitatively with the potassium 
present. If, however, the evaporation is continued, so that the 
greater part of the perchloric acid is expelled, the less volatile 
sulphuric acid which remains causes reversal of the action, thus: 
KC1O, + H,SO,—> KHSO,+HCIO, . . . (2) 

In such cases, on adding 95 per cent. alcohol, an impure per- 
chlorate separates which contains crystals of hydrated potassium 
hydrogen sulphate; potassium perchlorate usually separates first 
as a heavy, crystalline powder, but after a short time, feathery 
needies of the hydrated hydrogen sulphate form in the alcohol 
above the perchlorate. When such a mixed precipitate is 
collected on a Gooch crucible and dried at 100°, a slightly high 
result is obtained on calculating the proportion of potassium as 
perchlorate, owing to the fact that the water of hydration is not 
expelled from the hydrogen sulphate at so low a temperature. 
This result is easily understood from the data: 

K,O gives 2KCI1O,=277'1. 

K,O ,, 2KHSO, (anhydrous) = 2724. 

K,O ,, 2(KHSO,,H,O)=308'4. 

The reversibility of the action of perchloric acid on potassium 
sulphate is an interesting illustration of mass action. It is the 
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relatively non-volatile character of sulphuric acid that determines 
reversal as evaporation is continued ; the perchloric acid is expelled 
first, so that the “active mass” of the sulphuric acid becomes 
greater, and the proportion of sulphate is correspondingly in- 
creased. When perchloric acid acts on chlorides, such reversal 
does not occur, because hydrogen chloride is more volatile than 
perchloric acid, and can be expelled completely by evaporating 
with a sufficient quantity of this acid; a pure perchlorate then 
remains on evaporating to dryness. 

The experiments given below show that when 0°25 gram of 
potassium sulphate is evaporated nearly to dryness with 5 c.c. of 
20 per cent. perchloric acid (D 1°12), and the evaporation is re- 
peated with 5 c.c. of the acid up to the point when fumes just 
begin to be evolved, the excess of perchloric acid remaining is 
sufficient to cause the potassium to separate quantitatively as per- 
chlorate on adding alcohol. When, however, the evaporation is 
carried beyond this point higher results are obtained, according 
to the amount of perchloric acid expelled ; the smaller the quantity 
of perchloric acid remaining, the larger is the separation of feathery 
crystals of potassium hydrogen sulphate and the higher is the 
apparent proportion of potassium when the result is calculated 
on the assumption that the perchlorate is pure. On dissolving such 
a precipitate in water and adding barium chloride, a heavy pre- 
cipitate of barium sulphate is obtained. 

It appears, therefore, that in the presence of sufficient perchloric 
acid, potassium, even in the form of sulphate, can be quantitatively 
estimated by the perchloric acid method. In general practice, 
however, it is always advisable to eliminate the sulphate prior to 
evaporation with the perchloric acid; this is best done by evapor- 
ating the solutions to be analysed with a sufficient quantity of 
baryta solution (15 to 20 cc. of a 3 per cent. solution), gently 
igniting, well below a red heat, and using the filtered aqueous 
extract for evaporation with perchloric acid. The treatment with 
baryta serves to remove, not only the whole of the sulphates, but 
other impurities, such as silica, magnesia, and phosphates. In 
most cases this method is preferable to using barium chloride ; with 
the latter it is generally difficult to carry out the precipitation 
exactly, and an excess of barium chloride remains in the solution. 
When this is the case, unless there is a sufficient excess of per- 
chloric acid to convert the whole of the chloride into perchlorate, 
barium chloride is precipitated with the potassium perchlorate on 
adding alcohol, and a high result is obtained. 


1680 DAVIS: THE INTERACTION OF PERCHLORIC ACID, ETC. 


EXPERIMENTAL. 
Series I.—Perchloriec Acid kept in Excess during the Evaporation. 


A solution containing 5-000 grams of potassium sulphate per 
litre was used. Fifty c.c. were evaporated nearly to dryness with 
5 e.c. of perchloric acid (D 1°12),* a second 5 c.c. of the acid added, 
and the solution was evaporated to the point when white fumes 
began to appear; the volume of solution remaining at this stage 
was from 2 to 3 c.c. Twenty c.c. of 95 per cent. alcohol were then 
added, and after about one hour the precipitated perchlorate was 
collected in a Gooch crucible, washed with 95 per cent. alcohol 
previously saturated with potassium perchlorate, and weighed. 

50 c.c. of K,SO, solution=0°2500 gram K,SO,=0°1352 gram K,O. 


Volume of solu- KCIO K,0O found 
tion left before weighed. K,O found. K,O taken. 
No. adding alcohol. Gram. Gram. Per cent. Remarks. 
2 c.c. 0-3983 0-1355 100-2 (Perchlorate 
2 0-3962 0-1348 99-7 - weighed free from 


3-5 |, 0-3985 0-1356 100-3 | sulphate 
( Not evaporated at 


all after adding 
0-3981 0-1354 100-1 | second 5 c.c. of per- 


chloric acid. 


Series II.—Perchloric Acid further Evaporated. 


Fifty c.c. of potassium sulphate solution were evaporated nearly 
to dryness with 5 c.c. of perchloric acid, and after adding another 
5 c.c. of the acid, the solution was evaporated until most of the 
perchloric acid was expelled. The volume of solution finally re- 
maining was less than 2 c.c. (see column 2). 


* Thin and Cumming (this vol., p. 361) have pointed out that the perchloric 
acid now obtainable usually contains traces of potassium perchlorate ; the 
author’s practice to allow for this in the analysis is to evaporate 10 c.c. of 
the acid nearly to dryness, to extract with 20 c.c. of 95 per cent. alcohol, and 
to collect the insoluble perchlorate, if any remains, in a Gooch crucible. A 
known quantity of perchloric acid is used in every analysis, and the quantity 
of perchlorate due to this is deducted from the actual result. Recent samples 
of perchloric acid have been found to give usually from 0°0020 to 0-0030 gram 
of potassium perchlorate per 10 c.c. Some samples of perchloric acid contain 
traces of sulphuric acid. If this is the case, a small quantity of barium 
sulphate may be precipitated with the potassium perchlorate when the baryta 
treatment has been used. In such cases it is easy to introduce a corrrection 
either by ascertaining the weight of barium sulphate formed from 10 c.c. 
of the perchloric acid or, more simply, by dissolving the potassium 
perchlorate after weighing in hot water (300 c.c.) and allowing for the 
increase in the weight of the Gooch crucible caused by the insoluble barium 
sulphate. 
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Weight K,O 
of calculated 
impure from K,O found 


KCI1O,. perchlorate. K,O taken. 
Conditions. Gram. Gram. Per cent. Remarks. 


Final volume= 0-4035 0-1372 101-5 F 
about 1-5 ¢.c. ) Slightly feathery per- 


Final volume= 0-4032 0-1371 101-4 chlorate. Traces of 
1-5 c.c. sulphate. 


Final volume= 0-4166 0-1423 105-2 } 
1 c.c. 

Nearly to dry- 0-4263 0-1449 107-2 | More feathery; sul- 
ness. - phate heavy in per- 

Nearly to dry- 0-4276 0-1454 107-5 | chlorate weighed. 
ness. 


Series III.—Baryta Treatment. 


Fifty c.c. of the solution were evaporated with 20 c.c. of 3 per 
cent. barium hydroxide, the residue being ignited and extracted 
with water. 

KClO, weighed =0°3981 gram=0°1354 gram K,O=100'1 per cent. 


ROTHAMSTED EXPERIMENTAL STATION. 
[ Received, October 12th, 1915.] © 


CLXXXIII.—The Displacement of Halogen in Optically 
Active Phenylhalogenacetic Acids by the Anilino- 


group. 
By Avex. McKenzie and Srantey CuarLes Bare. 


Since the displacement of halogen in optically active acids of the 
type CR,R,R,Cl (or Br) has been mainly restricted to the forma- 
tion, in the presence of water, of hydroxy- and amino-compounds, 
it was desirable that the substitution of the halogen by other 
groupings should be examined. The work described in the present 
paper was begun with this object in view, and although it is in- 
complete, we have decided to submit it for publication, as one of 
us has left to undertake duties elsewhere. It had been our inten- 
tion to extend the investigation in a number of directions, and 
especially to the action of l-phenylhalogenacetic acids with amines 
other than aniline. 

The displacement of the halogen in active phenylchloro- and 
phenylbromo-acetic acids by aniline was effected under different 
conditions, and the anilino-acid formed was of the opposite sign 
of rotation to that of the halogen acid. In every case racemisa- 
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tion took place, a behaviour which is in accordance with what has 
been observed in so many actions involving the substitution of an 
atom or grouping in direct attachment to an asymmetric atom. 
When the reaction was conducted in the presence of benzene, there 
was less racemisation than when water was the solvent. When 
l-phenylchloroacetic acid was boiled with aniline, the racemisation 
was almost complete. There was less racemisation with /-phenyl- 
bromoacetic acid than with the chloro-acid. 

The resolution of r-phenylanilinoacetic acid is also described. 
The pure /-acid can be prepared without much difficulty, but the 
yield was rather poor. The acid melts at 188°, and _ has 
[a],, —117°9° for c=1°467 in acetone. 

l-Phenylanilinoacetic acid undergoes partial racemisation when 
treated with aqueous alkali. As the acid is of the type 


R H 
R>°<co, 8 
this was expected to occur, in accordance with the considerations 
advanced in a recent paper (McKenzie and Widdows, this vol., 
p. 702). 
The behaviour of ethyl-alcoholic alkali towards the /-anilino- 
acid is very striking when contrasted with that of aqueous alkali, 


the presence of alcohol promoting the racemisation to a remark- 
able extent. One of us hopes to describe, on a future occasion, 
the behaviour of various optically active acids towards aqueous 
and alcoholic alkali respectively. 


EXxPERIMENTAL. 


Resolution of r-Phenylanilinoacetic Acid into its Optically 
Active Components. 


The r-acid was obtained by Stéckenius (Jahresber., 1878, 779) 
by heating phenylbromoacetic acid with an alcoholic solution of 
aniline, whilst Tiemann and Priest (Ber., 1882, 15, 2030) and 
Knoevenagel (Ber., 1904, 37, 4084) describe it as being formed 
by the hydrolysis of phenylanilinoacetonitrile. 

The acid employed in the present research was prepared both 
from phenylchloroacetic and phenylbromoacetic acids by reaction 
with aniline under varying conditions. The following method is 
a convenient one. Twenty grams of r-phenylchloroacetic acid 
(1 mol.) were heated on a boiling-water bath for six and a-half 
hours with 48 grams of aniline (4°4 mols.). An excess of 2/1- 
sodium hydroxide was added, and the aniline removed by distilla- 
tion in a current of steam. Dilute hydrochloric acid was then 
added until the solution gave a faintly acid reaction towards 
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litmus. The precipitated anilino-acid (23 grams) was crystallised 
from benzene, from which it separated in colourless, glistening 
leaflets. It is very sparingly soluble in water, sparingly so in 
benzene, and readily so in ethyl alcohol, acetone, or ether. When 
dried in a vacuum over sulphuric acid, it melts at 174—175°, 
whereas the data quoted in the literature regarding the melting 
point are discordant. 

Forty grams of cinchonine (1 mol.) were added to 1600 c.c. of 
ethyl alcohol, and the mixture boiled until the alkaloid dissolved. 
Thirty-one grams of the r-acid (1 mol.) were then added, and 
glassy needles grouped in rosettes began to separate after the solu- 
tion had been kept for several hours in the ice-chest. The liquid 
was then stirred vigorously, and, on the following day, 38°1 grams 
of the salt were collected. This was crystallised from 2700 c.c. of 
alcohol, and the resulting 25°2 grams were then crystallised twice 
from as little alcohol as possible. The crystals obtained after this 
treatment amounted to 15°3 grams, and it was found advisable 
to decompose them at this stage, although they were not yet homo- 
geneous. They were rubbed in a mortar with concentrated 
aqueous ammonia, which dissolved the liberated acid, whilst the 
cinchonine was collected and washed with dilute ammonia. The 
acid (6°1 grams), obtained from the ammoniacal solution by pre- 
cipitation with dilute sulphuric acid, had [a],, —107°7° in acetone 
solution. It was dissolved in the minimum quantity of hot alcohol, 
and boiling water was added until cloudiness appeared. On cool- 
ing, 5°4 grams of the pure /-acid separated. 

|-Phenylanilinoacetic acid melts at 188°. It is very readily 
soluble in acetone, ethyl acetate, or ether; it can be crystallised 
from benzene, toluene, ethyl alcohol, or methyl alcohol, and it is 
almost insoluble in carbon disulphide or in water. For analysis, 
it was dried in a vacuum over sulphuric acid: 

0°2200 gave 0°5943 CO, and 0°1122 H,O. C=73'7; H=5°7. 

02712 ,, 15°2 c.c. Ny (moist) at 14°2° and 732 mm. N=6'3. 

C,,H,,0.N requires C=74'0; H=5°8; N=6°2 per cent. 

The following polarimetric values were obtained : 

In acetone: 

1=2, e=1°467, a, —3°46°, aye, —4°21°; whence [a], —117°9° 

and [a];4g; — 143°5°. 

In ethyl alcohol : 

[=2, c=1°021, ay —2°28°, [a], —111°7°. 

In ethyl acetate : 

l=2, c=2°06, a, —4°40°, [a],, —106°8°. 
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Conversion of 1-Phenylchloroacetic Acid into d-Phenylanilinoacet ir 
Acid. 


One gram of /-phenylchloroacetic acid (1 mol.) was added to a 
mixture of 5 grams of aniline (9°5 mols.), 50 c.c. of water, and 
5°9 c.c. of N-sodium hydroxide. The mixture was heated to boil- 
ing with constant shaking, and then boiled for thirty minutes. 
The excess of aniline was removed by distillation in a current of 
steam, and the solid anilino-acid collected when the liquid was 
cold. The anilino-acid gave [a], +25° in acetone solution. 

When d-phenylchloroacetic acid was submitted to a similar treat- 
ment, a partly racemised, levorotatory anilino-acid resulted. 

One gram of /-phenylchloroacetic acid and 5 grams of aniline 
were dissolved in 20 c.c. of dry benzene, and the mixture was 
boiled for one hour. The solid formed, consisting of a mixture of 
anilino-acid and aniline salts, was boiled with water, and the 
anilino-acid collected. It had [a], +72° in acetone solution. 

One gram of /-phenylchloroacetic acid was boiled with 5 grams 
of aniline for three minutes. Excess of sodium hydroxide was 
added, and the aniline removed by distillation in a current of 
steam. The residual liquid was acidified, and the precipitated 
anilino-acid was found to be only feebly dextrorotatory in acetone 
solution : 

e=1°459, 1=2, a, +0°07°, [a], + 2°. 

In this experiment, the racemising effect was not due essentially 
to the presence of alkali hydroxide, since, in the absence of sodium 
hydroxide in another experiment, the anilino-acid gave the follow- 
ing value in acetone solution: 


e=1°6985, 1=1, a, +0°08°, [a], +5°. 


Conversion of 1-Phenylbromoacetic Acid into d-Phenylanilinoacetic 
Acid. 

The bromine was displaced from the sodium salt of the /-bromo- 
acid (see preceding paper) as described in the above section for 
the chloro-acid. The rotation of the anilino-acid was [a], +92°5°. 

When dry benzene was used as above, the anilino-acid formed 
had [a],, + 99°. 


Action of Alkali on 1-Phenylanitlinoacetice Acid. 


L-Phenylanilinoacetic acid was dissolved in aqueous sodium 
hydroxide of various concentrations, and the effect on its optical 
activity is shown as follows: 
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. Concentra- [a]p of 
: Proportion tion of acid 
Experiment. of alkali to acid. alkali (in acetone). 


ee od = 1 equiv. acid: 40 NaOH 2N 8 —16° 


= i 1 equiv. acid: 15 NaOH N —70° 


=o ten\ 1 equiv. acid: 2 NaOH N/10 —113° 
In order to decide as to whether ethyl-alcoholic alkali would 
have a greater racemising effect on the J/-anilino-acid than is 
exerted by aqueous alkali, two parallel experiments were per- 
formed. In each case, two equivalents of sodium hydroxide were 
used for one of the acid. The acid used in each case was 0°65 gram, 
and the volume of solution was 20 c.c. Both solutions were heated 
at 80—-90° for one hour. From the aqueous solution, 0°62 gram 
was recovered by precipitation with hydrochloric acid. It gave the 
following value in acetone solution : 
1=2, e=1°778, a, —3°86°, [a],, — 109°. 
From the alcoholic solution, 0°63 gram was recovered. Its 
levorotation was slight: 
1=2, e=1°374, a, —0°12°, [a], — 4° 


The preliminary experiments on the resolution of phenylanilino- 
acetic acid were carried out some years ago in Birkbeck College, 
London, by Mr. E. A. Dancaster, to whom our thanks are due. 
We are also indebted to the Carnegie Trust for @ grant in aid of 
this research. 


Untversity CoLLecr, DUNDEE, 
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CLXXXIV.—Eaperiments on the Walden Inversion.* 
Part X. Displacement Reactions with |-Phenyl- 
bromoacetic Ard. 


By Arex. McKenzie and NELLIE WALKER. 


Tue d- and Lphenylchloroacetic acids, prepared by McKenzie and 
Clough (T., 1908, 98, 811; 1909, 95, 777), have been examined 
by those authors with special reference to the displacement of the 
chlorine by the hydroxy-, amino-, and methoxy-groups, whilst 
McKenzie, Drew and Martin (T., 1915, 107, 26) have shown that 


* Part IX; T., 1913, 108, 687. 
VOL. CVIL, 5 a 
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l-phenylchloroacetic acid can be converted into d-diphenylsuccinic 
acid by the use of magnesium phenyl bromide. Darapsky 
(Sitzungsber. der Heidelberger Akad. Wiss., A, 1913) has 
studied the substitution of the chlorine by the hydrazino-group, 
and Senter and Drew (T., 1915, 107, 638) have supplied further 
data respecting the substitution by the amino-group. The kinetics 
of phenylchloroacetic acid have, in addition, been studied by 
Senter (T., 1915, 107, 908). 

When aqueous solutions of phenylchloro- and phenylbromo-acetic 
acids are contrasted, it is clear that mandelic acid is formed with 
greater ease from the bromo- than from the chloro-acid ; the greater 
mobility of bromine as compared with chlorine in reactions in- 
volving substitution is well known. ‘The authors accordingly 
undertook a study of the Walden inversion with /-phenylbromo- 
acetic acid in order that two acids of the types CabeCl and CabcBr 
might be contrasted. The action of water was examined in some 
detail, as it appeared to us to be of fundamental importance. 

In 1874, van’t Hoff expressed the idea that the difference 
between the four groups attached to an asymmetric centre is not 
in itself sufficient to cause optical activity, the nature of the groups 
being a factor to be considered. He withdrew this reservation, 
however, at a later date (see “Dix Années dans |’Histoire d’une 
Theorie,” p. 49). Nevertheless, as the interest in stereochemistry 
gradually developed as a result of the incentive of the hypothesis 
of van’t Hoff and Le Bel, it did actually appear as if optically 
active compounds containing halogen in direct attachment to the 
asymmetric carbon atom were incapable of existence. Indeed, up 
to 1891 the only active compound of this type described in the 
literature was an amyl iodide prepared by Le Bel, and this sub- 
stance was not pure. Easterfield (T., 1891, 59, 71) therefore made 
the attempt to isolate optically active phenylbromoacetic acid by 
acting on /-mandelic acid with fuming hydrobromic acid at 50°; 
the experiment was unsuccessful, as the product was the racemic 
bromo-acid. Attempts were also made to resolve phenylbromo- 
acetic acid with alkaloids, but the results were negative. As a 
consequence of his experiments on the one hand, and those of 
Kekulé on the behaviour of /-malic acid towards hydrobromic acid 
on the other, the possibility occurred to Easterfield that a strongly 
negative radicle such as bromine could not be introduced by sub- 
stitution into an asymmetrical active grouping without destroying 
the activity of the molecule. 

Walden, however, was able to establish with certainty the exist- 
ence of optically active compounds of the type in question, and in 
the course of his work on this problem he examined the action of 
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phosphorus peutabromide on ¢/-mandelic acid, aud he described 
d-phenylbromoacetic acid as melting at 76—78° and having 
|a|,, + 45°4° in benzene (Ber., 1895, 28, 1296). As will be seen from 
the present paper, these data require revision, since Walden’s pro- 
duct was not optically pure. Owing to the racemisation which 
accompanies the displacement of the alcoholic hydroxy-group in 
l-mandelic acid, it is unlikely that Walden’s method could, in any 
circumstances, be made a preparative one for d-phenylbromoacetic 
acid. 

It was accordingly necessary to have recourse to the resolution 
of the racemic acid by alkaloids. In spite of the ease with which 
bromine is removed from the acid, the resolution proceeds quite 
satisfactorily if the conditions described in the experimental part 
are adhered to. The /-acid melts at 87—-88°, and has [a],, — 147°5° 
for e=4°096 in benzene. 

According to McKenzie and Clough (loc. cit.), the action of 
water on /-phenylchloroacetic acid led to the formation of a mix- 
ture of r- and /-mandelic acids; the racemisation was one of the 
chief features of the change, the resulting mandelic acid being only 
slightly levorotatory. The present research showed that the 
racemisation with water and /-phenylbromoacetic acid was even 
greater than with the chloro-acid when the conditions were similar 
in each case. In the earlier experiments on the action of water 
on the -bromo-acid, the mandelic acid isolated was dextrorotatory, 
an unexpected result in the light of the behaviour of the chloro- 
acid ; on other occasions it was clear that a levorotatory acid was 
formed. An aqueous solutioneef the /-bromo-acid of definite 
strength was then allowed to remain at a constant temperature, 
a portion of the solution being examined polarimetrically at 
definite intervals, whilst another portion was titrated with alkali. 
The velocity-constants, both at 25° and at 36°8°, were calculated 
for a unimolecular reaction, and show a gradual fall as the 
reaction proceeded. With the increase of the amount of hydro- 
bromic acid in the solution, the degree of dissociation of the un- 
attacked bromo-acid would presumably be diminished, with a con- 
sequent lowering of the concentration of the C,H,-CHBr-CO’, 
ions. Racemisation was rapid; for example, a solution for which 
the first observed reading was —1°92° gave the value a, —0°03° 
after 335 minutes at 36°8° (see table III). Again, in table I, the 
observed angle after twenty-five and a-half hours at 25° was only 
~0°02°, that is, the solution was practically inactive, and, by this 
time, the titre of the solution corresponded with the amount of 
acid which would be demanded if the action, 

C,H;-CHBr-CO,H + H,O=C,H,;*CH(OH):CO.H + HBr, 
5@2 
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had proceeded to a completion. Nevertheless, although the action 
was apparently at an end, the rotatory power, when the solution 
was kept still longer at 25°, altered, and became slightly dextro- 
rotatory. On first considerations, little importance would natur- 
ally be attached to values which are so slight as those observed. 
The gradual development of a slight dextrorotation was, however, 
repeatedly noticed, and it could not be attributed to experimental 
error. 

l-Phenylbromoacetic acid can thus be converted by the action 
of water into a mixture of r- and d-mandelic acids; but, as the 
action of water can also lead, under other conditions, to the forma- 
tion of a mixture of r- and /-mandelic acids, this action obviously 
causes a Walden inversion to occur in one case and not in the 
other. As the formation of active bromo-acid from active 
mandelic acid by the agency of phosphorus pentabromide is accom 
panied by a change of sign of rotation, we have the following novel 
series of transformations: 


(C,H ,-CH(OH)-CO,H 


A 


|-C,H,-CHBr-CO,H 


-C,H,°CH Br-CO,H ae 1-C,H,*CH(OH):CO,H 


Additional physico-chemical data are indispensable as a guide 
to the best conditions under which /-phenylbromoacetic acid can 
be converted either into d- or /-mandelic acid by means of water. 
Meanwhile, the interpretation advanced by us is the following. 

/-Phenylbromoacetic acid resembles the /-chloro-acid with respect 
to the action of water at 25°, a mixture of r- and /-mandelic acids 
being produced in each case; with the bromo-acid, the displace- 
ment is much quicker than with the chloro-acid. The reversible 
reaction of hydrobromic acid on mandelic acid proceeds very 
slowly at 25°, and the slight excess of /-hydroxy-acid is converted 
thereby into d-phenylbromoacetic acid, with accompanying race- 
misation. The d-bromo-acid is then quickly transformed into a 
mixture of r- and d-hydroxy-acids. The following three changes 
are thus regarded as taking place in such cases where a dextro- 
rotatory mandelic acid was isolated : 
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I. -C,H,-CHBr-CO,H + H,O= HBr + 
r- and Il-C,H,-CH(OH)-CO,H. 
II. r- and /-C,H;-CH(OH)-CO,H + HBr=:H,O + 
r- and d-C,H,;-CHBr-CO,H. 
Ill. r- and d-C,H,-CHBr-CO,H + H,O=HBr + 
r- and d-C,H,-CH(OH)-CO,H. 


We assume that a levoratory mandelic acid can be isolated if 
the action is stopped at such a point that reaction IT has not pro- 
gressed far. If, on the other hand, sufficient time is allowed to 
elapse, as, for example, in the experiment quoted at 25°, a dextro- 
rotatory mandelic acid could be extracted from the liquid. This 
interpretation appears to us to be feasible only on the assumption 
that the mechanism of reaction II is essentially different from that 
of reaction I. 

There is, so far as we are aware, no case on record of an exact 
parallel to the action which has just been considered, but the 
influence of a slight alteration of the experimental conditions on 
the sign of activity of the product of an action recalls the experi- 
ence of Holmberg in the course of his recent noteworthy investi- 
gations with halogen-substituted succinic acids (J. pr. Chem., 
1913, [ii], 87, 456; 88, 553). This author suggests, as a con- 
venient working hypothesis, that d-propiolactone-B-carboxylic 
acid is an intermediate product during the hydrolysis of sodium 
-bromosuccinate ; whatever the intermediate product may be, it 
gives on hydrolysis either a dextrorotatory or a levorotatory malic 
acid, according as the action is conducted in alkaline or in acid 
solution. Moreover, Holmberg’s discovery that the action of silver 
oxide and water on /-bromosuccinic acid leads, according to the 
conditions employed, either to d-malic acid or to /-malic acid, is 
of very great importance when viewed in its connexion with 
Walden’s early work on optical inversion. Again, Holmberg (Ber., 
19i4, 47, 167) has succeeded in obtaining a dextrorotatory xantho- 
succinic acid from /-bromosuccinic acid and potassium xanthate, 
whilst, by a slight modification of the experimental details, he 
obtained a levorotatory xanthosuccinic acid. 

These interesting advances made by Holmberg, together with 
the results which have been obtained by the action of water on 
-phenylbromoacetic acid by the present authors, suggest the possi- 
bility of converting l-bromosuccinic acid by the action of water 
alone into a mixture of r- and d-malic acids or into a mixture of 
r- and J-malic acids. 

In this connexion, it may also be noted that McKenzie and 
Miiller (T., 1907, 91, 1814) have described the conditions whereby, 
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when /-menthyl r-mandelate is acted on by an amount of ethyl- 
alcoholic potassium hydroxide insufficient for the complete saponi- 
fication of the ester, a mixture of potassium 7-mandelate and 
potassium d-mandelate is produced. The conditions are also 
quoted whereby a mixture of potassium 7-mandelate and 
l-mandelate can be obtained from the same weight of ester and of 
alkali as were employed to give the dextrorotatory potassium 
mandelate. ' 

When the rate of the displacement of the bromine in /-phenyl- 
bromoacetic acid was retarded by conducting the action in a mix- 
ture of acetone and water, the rate of racemisation was very much 
quicker than the rate of displacement. From the results expressed 
in Fig. 2, the conclusion can be drawn that the active bromo-acid 
undergoes catalytic racemisation, since the racemisation was almost 
complete long before the bromine had been displaced. 

Another instance of the same phenomenon of catalytic racemisa- 
tion was encountered in the behaviour of the /-bromo-acid towards 
ammonia. The chloro- and bromo-acids behave similarly in 
aqueous solution, the resulting amino-acid being of the opposite 
sign of rotation, whilst the mandelic acid, which is also formed, is 
of the same sign as that of the parent acid. When the action was 
conducted in benzene, the bromo-acid, which survived the attack 
of the ammonia, had become largely racemised. 

The action of water on the sodium /-salt, as well as that of 
aqueous sodium hydroxide, is much quicker than was observed in 
the case of sodium /-phenylchloroacetate. Moreover, no optical 
activity was noted with the sodium /-bromo-salt when the introduc- 
tion of the hydroxyl group had been effected, whereas the presence 
of l- together with r-mandelic acid was easily demonstrated with 
the chloro-salt. 

The hydroxylation of /-phenylbromoacetic acid was also effected 
by water in the presence of certain salts, oxides, or hydroxides. 
In every case, except with copper sulphate (where no optical 
activity was observed), the resulting mandelic acid was dextro- 
rotatory. Amongst other actions, the respective behaviour of lead 
oxide, lead hydroxide, and lead nitrate was studied; a dextro- 
rotatory mandelic acid was formed, whereas McKenzie and Clough 
found that the action of water on lead /-phenylchloroacetate gave 
a levorotatory mandelic acid. 

The interaction of sodium methoxide and sodium /-phenylbromo- 
acetate gives a mixture of r- and /-phenylmethoxyacetic acids, but 
when the silver /-salt is substituted for the sodium salt, the result- 
ing phenylmethoxyacetic acid is dextrorotatory ; thus the following 
transformations can be effected : 
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d-C,H,°CH(OH)-CO,H OF 4898"! M8) -C, H.«CH(OMe)*CO,H 


’ <a v) ao vy 
nom 
y 
L-C,H,*CH Br-CO,H (from Nasal) /.C,H,*CH(OMe)-CO,H 


EXPERIMENTAL. 
Resolution of r-Phenylbromoacetie Acid. 


Sixty-three grams of morphine (4 mol.) were dissolved by heat- 
ing with 900 ¢.c. of methyl alcohol, and, after the solution had 
been cooled to 20°, 90 grams of r-phenylbromoacetic acid (1 mol.) 
were added. The acid dissolved readily, and glassy prisms soon 
began to separate. When the crystallisation had proceeded for 
one and a-half hours, the mixture was stirred, and, four and a-half 
hours later, the salt was removed and washed with methyl alcohol. 
The resulting 76 grams were decomposed with cold dilute sulphuric 
acid, and extracted six times with ether as quickly as possible. 
The ethereal solution was dried over sodium sulphate, and then 
allowed to evaporate spontaneously at the ordinary temperature. 
The acid obtained from the first two extractions with ether had 
[a], —119°8° in benzene solution, and amounted to 26°3 grams; 
it was somewhat purer than that (2°3 grams) obtained from the 
last four extractions, which had [a],—113°, and presumably 
contained more mandelic acid than did the former product. After 
four crystallisations from light petroleum (b. p. 60—70°), the acid 
was pure. Yield, 15 grams. 

When the r-acid and morphine were employed in molecular 
quantities with methyl alcohol as solvent, the acid, obtained from 
the morphine salt, was less active than when the above conditions 
were adopted; thus, in one experiment, the acid had [a], — 69°. 
In another experiment, where the 7-acid and morphine were taken 
in molecular quantities with ethyl alcohol as solvent, a dextro- 
rotatory acid with [a],, + 26° was obtained from the morphine salt. 

The morphine salt, which separates in the resolution as described 
above, is sparingly soluble in the commoner organic solvents, and 
it is not practical to crystallise it from water, since morphine 
hydrobromide is formed in considerable quantity when the 
temperature is raised. This behaviour had already been 
encountered during the resolution of isodibromosuccinic acid (T., 
1912, 101, 1201). The ease with which bromine is eliminated also 
renders it advisable not to allow the crystallisation of the morphine 
salt to be continued longer than about six hours. 
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1-Phenylbromoacetic acid separates from light petroleum in 
large, glistening leaflets. It melts at 87~-88°, whereas the r-acid 
melts at 83—84°: 

0°2109 gave 0°3442 CO, and 0°0620 H,O. C=445; H=3°3. 

C,H,O.Br requires C=44°7; H=3°3 per cent. 

The acid is sparingly soluble in cold water, and readily so in 
ether, acetone, benzene, ethyl alcohol, methyl alcohol, or chloro- 
form. 

The following polarimetric values were obtained in benzene 
solution : 

l=2, c= 20065, a}? -5 90°, asi, -—7:15°; whence [a] -147-0° 
and [asyg: — 178°2°. 


Action of Water on |-Phenylbromoacetic Acid. 


A solution of 1 gram of the acid in 100 c.c. of cold water was 
kept at the ordinary temperature for three weeks. The solution, 
after extraction with ether, gave a solid which was free from 
bromine, and had the following rotatory power in ethyl-alcoholic 
solution : 

l=2, c=1°698, a, +0°16°, [a], +479. 

A dextrorotation of the mandelic acid produced by the displace- 
ment of bromine was also observed in the following experiment. 
A solution of 7°72 grams of the /acid in 772 c.c. of cold water 
was kept for two months at 25°, and then evaporated to smaller 
bulk and boiled with an excess of magnesium carbonate. <A por- 
tion of magnesium salt was separated, whilst the filtrate was de- 
composed in order to give mandelic acid. The latter was slightly 
dextrorotatory, melting at 114—-118°, and giving, in ethyl-alcoholic 
solution, the value 

T=1, c=5°944, a,+0°31°, [a], +5°2°. 

7°857 Grams of a mixture of r- and l-phenylbromoacetic acids 
having [a], —70° (in benzene) were added to 785 c.c. of water, and 
left in the thermostat at 25° for five days with occasional shaking 
until all the solid had dissolved. The solution was boiled with 
magnesium carbonate, and the filtrate concentrated by evapora- 
tion to 74 c.c. In a 2-dem. tube this gave a, —0°16°. The 
mandelic acid obtained amounted to 1°012 grams, and was crystal- 
lised from water ; the filtrate gave a, —0°45° in a 2-dem. tube. 

The rate of racemisation of a 1 per cent. aqueous solution of 
l-phenylbromoacetic acid at 25° was determined with the object 
of contrasting it with the rate with which the bromine was simul- 
taneously eliminated. The acid was added to water at 25°, and 
shaken repeatedly until it dissolved. Since sixty-five minutes 
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elapsed before complete solution took place, it was impossible to 
obtain polarimetric readings at the start of the reaction. 


TABLE I. 


Acid = 2°5088 grams; volume of soiution=250 ¢.c.; t=25°. 


t. ay (l= 2). t. ay (J=2). 
68 min. — 2-10° 308 min. — 0-90° 

2-04 338 

1-88 398 

1-83 468 

1-64 518 

1-51 254 hours 

1-36 534 hours 

1°23 16 days 

1°08 17 days 

1-01 


TaB_eE IT. 


Acid =2°5088 grams; volume of solution=250 c.c.; ¢=25°. 


Ten c.c. of the solution were withdrawn at intervals and titrated 
with sodium hydroxide (4/40 x 0°9923), using phenolphthalein as 
indicator. The values for k& are deduced from the usual equation 


. . 1 a 
for a unimolecular reaction, namely, om log ——_. 
a~-x 


é. Titre. t. Titre. kx 10-*. 

0 [18-8 ¢.c.] | 245 min. 28-7 c.c. 0-133 
65 min. 22-4 275 29-5 0-133 
23-4 “15! 305 30-0 0-129 
24-1 335 30-6 0-128 
25-2 395 31-4 0-122 
26°3 | 455 32°3 0-121 
27-2 | 515 33-1 0-121 
28-0 1500 37°7 


Since the volume of alkali necessary for neutralisation of the 

acid formed on the assumption that the action, 
C,H;-CHBr-CO,H + H,O —> C,H,-CH(OH)-CO,H + HBr, 

had proceeded to a completion is 37°6 c.c., whereas 37°7 c.c. were 
actually required at the end of twenty-five hours, the gradual 
appearance, even of a slight dextrorotation, was unexpected. 
Further polarimetric investigation, however, confirmed the result. 
In another experiment, at 25°9°, with a concentration similar to 
the above, a, was +0°14° after 29} hours, and this, after 48 hours, 
had fallen to +0°07°. In another experiment on the same lines, 
ay at the end of 24} hours was —0°01°, after 724 hours +0°07°, 
and after 145 hours +0°04°. 

The action of water at 36°8° on the /-bromo-acid was next 
examined. 

VOL. CVII. 5 G* 
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Tase III. 
Acid =2°5088 grams; volume of solution=250 c.c.; ¢=36°8°. 


t. a, (l= 2). t. a, (l=2). 

15 min. — 1-92° 115 min. 0-43° 
1-66 135 0-29 
1-42 155 0-20 
1-20 215 0-09 
1-02 275 0-03 
0-83 335 0-02 
0-71 264 hours 0-01 


0-52 


TaBLeE LV. 


Acid =2°5088 grams; volume of solution=250 c.c.; ¢=36°8°. 

Ten c.c. were withdrawn at intervals and titrated with 
N/40x 1°13 baryta. 

t. Titre. kx 10-4. t. Titre. kx lo * 
Omin. [16-5) cece. — 100 min. 28-8 c.c. 0-594 
20 20-3 0-568 120 29-75 0-588 
30 ‘ 0-600 140 30°3 0-562 
40 3° 0-600 160 30-9 0-560 
50 25- 0-629 220 32-1 0-579 
60 26- 0-620 | 280 32-8 0-548 
70 27- 0-628 | 350 33-1 

80 27- 0-637 

If the data quoted in the preceding four tables are represented 
graphically, it will be seen that the racemisation curve, both at 
25° and 36°8°, is steeper than the displacement curve (for example, 
see Fig. 1 for the results at 36°8°). In other words, the racemisa- 
tion progresses more quickly than does the hydroxylation. 

These observations led to the study of the action of a mixed 
solvent. A mixture of equal volumes of acetone and water was 
chosen. 3°655 Grams of /-phenylbromoacetic acid were taken: 
volume of solution, 200 c.c.; 4=25°. Ten c.c. of the solution were 
titrated at intervals with standard baryta (V/40x1'13). The 
marked difference between the racemisation curve and the displace- 
ment curve is exhibited by Fig. 2. The initial polarimetric read- 
ing ten minutes after the solution had been prepared was —4°93° 
in a 2-dem. tube; after five days the reading had fallen to 
a, —0°57°, after seven days to a, —0°18°, and after fourteen days 
to —0°07°. Nevertheless, at the end of fourteen days only 79 per 
cent. of the total initial bromo-acid had undergone displacement 
of bromine. 


Action of Water on Morphine 1-Phenylbromoacetate. 


1-4 Grams of morphine (4 mol.) were dissolved in 20 c.c. of 
methyl alcohol, and, when the solution had cooled to 16°, 2 grams 
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of the Lacid (1 mol.) were added. The morphine salt was 
separated after one hour. 
Kia. |. 


0° 633 c.c. 


31 


— 20° 


+ a 


020 60 100 140 180 220 260 300 
Time in minutes. 
The action of water at 36°8° on 1-phenylbromoacetic acid. 


I. Racemisation curve. 
Il. Displacement curve. 


2 
340 


Morphine |-phenylbromoacetate is very sparingly soluble 


in the 
commoner organic solvents. 


The air-dried salt was analysed. 
Found: Br=15°6. 


C,,H,0,N,C,H-O,Br requires Br=16°0 per cent. 


Kia. 2. 


~— 


36 44 ~ 60 62 
Time in days. 
The action of 50 per cent acetone and water on |-phenylbromoacetic acid. 


I. Racemisation curve. 
Il. Displacement curve. 


5 a*® 2 
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0°88 Gram of the salt was boiled with 100 c.c. of water for two 
hours. The mandelic acid extracted from the solution exhibited 
no optical activity. 


Action of Water and of Aqueous Sodium Hydroxide on Sodium 
1-Phenylbromoacetate. 


The rate of racemisation of a solution of sodium /-salt in water 
was measured with a solution obtained by dissolving the J-acid 
(0°366 gram) in 16°85 c.c. of sodium hydroxide (4/10 x 1°009), 
this being the volume necessary for the formation of sodium salt. 
The solution was then made up to 20 c.c. with water. 


TABLE V. 


t. a™t8 (= 2). t. a**S (t= 2). 
12 min. —3-97° 162 min. 

3°34 192 

2-80 222 

2-35 252 

2-02 282 

1-71 312 

1-57 342 

1-27 372 

1-15 407 

0-94 432 

0-87 25 hours 

0-76 72 

0-68 78 


The /-acid (0°366 gram) was dissolved in 7°8 c.c. of aqueous 
sodium hydroxide (0°4367¥), which is twice the amount of alkali 
used before. The solution was then made up to 20 c.c. with water. 


&. 
102 min. 
112 
122 
152 
182 
212 
242 
272 
302 
372 


The more rapid rate of racemisation which occurs when the 
alkali is in excess is shown by Fig. 3, and is probably due to the 
action of alkali on the mandelic acid produced by the hydrolysis. 
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Action of Ammonia on 1|-Phenylbromoacetic Acid. 


Fifty c.c. of concentrated ammonia solution, which had been 
saturated with ammonia gas at —8°, were added to 3 grams of 
/-phenylbromoacetic acid. The acid dissolved readily. The solu- 
tion was immersed in a freezing mixture of ice and salt for seven 
hours. After twenty-four hours at the ordinary temperature, it 


Fie. 3. 
0° 


0°5T 


2 3 
Time in hours. 


Curve I. ‘The action of aqueous sodium hydroxide on sodium 1|-phenylbromo- 
acetate. 
Curve IT. The action of water on sodium |-phenylbromoacetate. 


was heated at 100° for one hour, and then evaporated to dryness. 

Water (50 c.c.) was added to the residue, the mixture heated for 

a few minutes at 100° and then cooled. The crystals (1°14 grams) 

consisted of a mixture of r- and d-phenylaminoacetic acids. Its 

specific rotation was measured by dissolving 1°1367 grams in 15 c.c. 

of N-hydrochloric acid, and then making up to 20 c.c. with water: 
L=2, c=5°684, ay+11°07°9, [a], + 97°49. 
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A product with a higher dextrorotation than this was separated 
from the filtrate by evaporation to 25 c.c.; for c=1°77, the value 
[a], -+149°3° was obtained. This value is not far removed from 
that for the homogeneous acid, which has |a},,—157°78° (Fischer 
and Weichhold, Ber., 1908, 41, 1286). The filtrate from which 
the preceding crop had been separated was acidified and extracted 
with ether. The resulting mandelic acid was levorotatory, having 
[a], —55°8° in ethyl-alcoholic solution. 

A different behaviour was exhibited when the /-bromo-acid was 
dissolved in dry benzene and acted on by dry ammonia gas. The 
l-acid (3 grams) was dissolved in 75 c.c. of dry benzene, and dry 
ammonia gas passed in for ten minutes. A bulky solid was pre- 
cipitated. After twenty-four hours, the treatment with ammonia 
was repeated, excess of dilute hydrochloric acid then added, the 
benzene layer was washed with water, dried with sodium sulphate, 
and gradually evaporated in a vacuum over paraffin wax. The 
resulting acid (2°2 grams) contained bromine, melted at 73—82°, 
and had [a], —28°6° for c=5°74 in benzene solution. 0°8221 Gram 
required 143°8 c.c. of V/40x 1-07 baryta solution for neutralisa- 
tion, whereas the theoretical amount is 143°0 c.c. 


Action of Silver Carbonate on |-Phenylbromoacetic Acid. 


Silver carbonate, freshly precipitated from 2°6 grams of silver 
nitrate, was mixed with /-phenylbromoacetic acid (1°5 grams) and 
150 c.c. of water; after being kept for twenty-four hours at the 
ordinary temperature, the mixture was acidified with hydrochloric 
acid, the silver chloride removed, the mandelic acid extracted with 
ether, and the ethereal solution dried and evaporated. The 
mandelic acid obtained in this and in subsequent reactions was 
polarimetrically examined in ethyl-alcoholic solution; [a], + 95°3° 
for c=3°84. 


Action of Silver Nitrate on |-Phenylbromoacetic Acid. 

A mixture of the /-acid (1 gram), silver nitrate (2°37 grams), 
and water (50 c.c.) was shaken for five hours at the ordinary 
temperature, and then kept at 100° for one hour, when it was 
acidified with hydrochloric acid. The mandelic acid had 
[a],, + 62°0° for e=3°314. 


Action of Silver Oxide on |\-Phenylbromoacetic Acid. 


A mixture of the /-acid (14 grams), silver oxide (freshly pre- 
cipitated from 2°2 grams of silver nitrate by means of barium 
hydroxide), and water (100 c.c.) was shaken at the ordinary 
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temperature for five hours. It was then left overnight, and 


acidified with dilute sulphuric acid. The mandelic acid had 
{a],, + 84°8° for ¢=4°2. 


Action of Mercurous Nitrate on 1-Phenylhromoacetic Acid. 


A mixture of the /-acid (1 gram), mercurous nitrate (3°67 grams), 
and water (50 c.c.) was kept at the ordinary temperature for 
twenty-four hours, and then at 100° for one hour, and the mercury 
removed by hydrogen sulphide. The mandelic acid had 
[a], +37°4° for c=3°67. 


Action of Mercuric Nitrate on \-Phenylbromoacetic Acid. 


A mixture of the /-acid (1 gram), mercuric nitrate (2°27 grams), 
and water (50 c.c.) was treated as in the previous experiment. 
The mandelic acid had [a], + 21°0° for e=2°22. 


Action of Mercuric Oxide on 1-Phenylbromoacetic Acid. 


A mixture of the /-acid (1°5 grams), mercuric oxide (1°5 grams), 
and water (50 c.c.) was shaken at the ordinary temperature for 
six hours and left Svernight, when the mercury was removed as 


sulphide. The mandelic acid had [a],,+19°1° for e=3°05. 


Action of Lead Monoxide on 1|-Phenylbromoacetic Acid. 


A mixture of the l-acid (1°5 grams), lead monoxide (1°5 grams), 
and water (50 c.c.) was shaken at the ordinary temperature for 
six hours and left overnight, when the lead was removed by 
hydrogen sulphide. The mandelic acid had [a],,+13°7° for 
c= 2°56. 


Action of Lead Hydroxide on 1-Phenylbromoacetic Acid. 


A mixture of the /-acid (1'5 grams), lead hydroxide (prepared 
from 6°8 grams of lead nitrate), and water (100 c.c.) was shaken 
at the ordinary temperature for six hours and kept at 100° for 
one hour, when the lead was removed as sulphide. The mandelic 
acid had [a],,+5°8° for c=6°972. 


Action of Lead Nitrate on 1-Phenylbromoacetic Acid. 


A mixture of the /-acid (1 gram), lead nitrate (2°3 grams), and 
water (50 c.c.) was kept at the ordinary temperature for twenty- 
four hours and then at 100° for one hour, when the lead was 
removed. The mandelic acid had [a], +5°3° for ¢=5°844. 
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Action of Copper Sulphate on 1-Phenylbromoacetic Acid. 


A mixture of the lacid (1 gram), copper sulphate (1°7 grams), 
and water (50 c.c.) was shaken at the ordinary temperature for 
five hours and left overnight. It was then kept at 100° for one 
hour, and the copper removed as sulphide. No optical activity 
was observed with the mandelic acid obtained. 


Action of Methyl Alcohol on Sodium |-Phenylchloroacetate and 
on Silver 1-Phenylchloroacetate. 


We are indebted to Mr. G. W. Clough for the following observa- 
tions, which were made by him when the conversion of /-pheny]- 
chloroacetic acid into /-phenylmethoxyacetic acid was being studied 
(T., 1908, 98, 811). 

Half a gram of /-phenylchloroacetic acid was dissolved in 25 c.c. 
of methyl alcohol and neutralised with methyl-alcoholic sodium 
hydroxide (10 c.c.). After six days at the ordinary temperature, 
the liquid was boiled for six hours, the methyl alcohol distilled, 
and the remainder neutralised by aqueous sodium hydroxide. 
Volume=25 c.c. In a 4dem. tube, the value a,—2°50° was 
observed. The acid, obtained from the soditm salt by acidifica- 
tion and extraction with ether, melted at 57—68°. It was free 
from chlorine, and gave [a], —40°3° for e=2°045 in ethyl-alcoholic 
solution. 

r-Phenylmethoxyacetic acid melts at 69°, whereas the /-isomeride 
melts at 63—64°, and has |a],,—151°1° for ¢=2°7062 in ethyl- 
alcoholic solution (T., 1899, 75, 753). 

Half a gram of /-phenylchloroacetic acid was neutralised by 
aqueous sodium hydroxide, and the silver salt precipitated by 
means of silver nitrate. This salt was boiled with 25 c.c. of 
methyl alcohol for three hours. The dextrorotatory solution gave 


a product which had [a],,+40° in ethyl-alcoholic solution. 


Action of Sodium Methoxide on Sodium |-Phenylbromoacetate. 


14 Grams of l-phenylbromoacetic acid (1 mol.) were added to a 
solution of sodium methoxide, prepared by dissolving 0°3 gram of 
sodium (2 atoms) in 50 c.c. of methyl alcohol. After remaining at 
25° for three days, the solution was evaporated to dryness at the 
ordinary temperature under diminished pressure. The solid resi 
due was decomposed by dilute sulphuric acid, and the phenyl- 
methoxyacetic acid extracted with ether. In ethyl-alcoholic solu- 
tion, the value [a], —61°9° was obtained. 
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Action of Sodium Methowide on Silver \-Phenylbromoacetate. 


Silver /-phenylbromoacetate is very unstable towards water and 
alkali. /-Phenylbromoacetic acid (1°87 grams) was mixed with 
40 c.c. of water, neutralised by the calculated quantity of 
N-sodium hydroxide, and added to a solution of 1°48 grams of 
silver nitrate dissolved in 20 c.c. of water. The white precipitate 
was separated at once, washed quickly with water, and dried on a 
porous plate. The dry salt was added to a solution of 0°2 gram 
of sodium in 50 c.c. of methyl alcohol, and the mixture kept at 
25° for eight days. The silver bromide was then removed, and 
the filtrate evaporated to dryness at the ordinary temperature 
under diminished pressure. The phenylmethoxyacetic acid, 
obtained as before, was in this case dextrorotatory, giving 
[a],,+ 54° in ethyl-aleoholic solution. 


The authors desire to express their thanks to the Government 
Grant Committee of the Royal Society for a grant in aid of this 
research. 
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CLXXXV.—The Formation and Preparation of 
(lucosemonoacetone. 


By James Co_quuoun Irvine and JAMses LEsLig AULD MAcDoNnaLp. 


Tue study of incompletely substituted sugars and polyhydric 
alcohols has recently been considerably extended, and it has been 
shown that advantage may be taken of these compounds in solving 
many constitutional and synthetical problems in the sugar group. 
Thus, for example, the various acetone derivatives of glucose and 
of mannitol have been used for the preparation of partly alkylated 
or acylated derivatives, and as the future applications of these 
compounds are of obvious interest, the preparation of the 
isopropylidene derivatives from which they are obtained becomes 
an important matter. 

In this connection, it has already been pointed out that con- 
siderable irregularity attends the condensation of aldehydes or 
ketones with polyhydric alcohols and,sugars. In some instances, 
the reaction is, on account of stereochemical considerations, limited 
to certain of the hydroxyl groups, whilst in other reactions a fully 
substituted product results. It might be expected that in the 
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latter case the arrestment of the condensation at an intermediate 
stage should lead to the formation of a partly substituted product, 
but only in the case of erythritolmonoacetone (Fischer, Ber., 1915, 
48, 266) has this been definitely realised. The process of partial 
hydrolysis, originally developed in the case of the fructose- 
diacetones (T., 1910, 97, 1277), has therefore to be followed in 
most instances, when, for example, a monoacetone derivative of a 
sugar or polyhydric alcohol is desired. The formation of glucose- 
monoacetone constitutes an apparent exception to this generalisa- 
tion, as the compound is claimed to be an intermediate product 
in the formation of glucosediacetone (Fischer, Ber., 1895, 28, 
2496). In the course of the past five years, however, we have had 
frequent, occasion to prepare glucosemonoacetone on a large scale, 
and have been unable to verify this statement, and as the com- 
pound is one which is likely to play an important part in the 
synthetical development of the sugar group, it seems desirable to 
give an account of our results and of a working method for pre- 
paring the substance. 

In condensing glucose with acetone, the original process adopted 
by Fischer was, in the first instance, to convert the sugar into 
“ glucosedimethylacetal,” and thereafter to treat this product with 
acetone containing hydrogen chloride. The solution thus obtained 
is incubated for several hours, and ultimately yields glucose- 
diacetone. On the other hand, when the monoacetone derivative is 
required, the treatment with acid acetone is of limited duration. 
In those circumstances, the product actually obtained by Fischer 
was glucosemonoacetone, which would thus appear to be an inter- 
mediate derivative, but it is highly improbable that such is the 
case. In repeating Fischer’s process, on many occasions we have 
obtained highly contradictory results, and, not infrequently, a 
preparation designed to give glucosediacetone yielded the mono- 
acetone compound, and, similarly, attempts to prepare the latter 
frequently resulted in no definite derivative other than glucose- 
diacetone. These points have already been referred to by one of 
us (T., 1913, 103, 1896), and it has been shown that when glucose- 
dimethylacetal is dissolved in acid acetone, and the reaction with 
the solvent. promptly arrested by neutralisation of the free acid, 
several products result, one of which is a methylglucosidemono- 
acetone. At the date on which this paper appeared, the descrip- 
tion of Fischer’s y-methylglucoside had not been published, and, 
consequently, the view was taken that the compound referred to 
above was a derivative of the a or B-methylglucosides. That this 
is not the case has subsequently been proved (this vol., p. 524), as 
this form of methylglucosidemonoacetone possesses the reducing 
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properties which are characteristic of the y-glucose series. CUon- 
sidering the fact that y-methylglucoside is a definite constituent of 
the so-called “ glucosedimethylacetal,” it is evident that a number 
of products may possibly be obtained during the treatment with 
acid acetone, and that the structure of glucosemonoacetone may 
thus have to be reviewed, as the compound may be a derivative, 
not of y-oxidie glucose, but of y-glucose. 

As all attempts to prepare glucosemonoacetone as a definite 
intermediate product in the formation of the diacetone compound 
failed, recourse was had to the method of half hydrolysis, in which 
the fully substituted derivative was cautiously heated with very 
dilute hydrochloric acid. On dissolving glucosediacetone in a 
large excess of water containing 0°1 per cent. of hydrogen chloride, 
and heating the mixture at 30°, it was found that the levorota- 
tion of the solution gradually diminished, and ultimately attained 
a constant value. Thereafter, the solution was neutralised, the 
solvent evaporated, and the product crystallised from ethyl acetate. 
By this means glucosemonoacetone was obtained in excellent yield, 
together with a second product, which from its solubilities and 
reactions appeared to be an isomeric variety of the compound. 
It was, however, shown, as afterwards described, that this substance 
was a solid solution of glucosemonoacetone and one variety of 
glucosediacetone. No difficulty was ultimately experienced in 
separating these substances, and thus isolating pure glucosemono- 
acetone, the physical constants of which agreed well with those 
quoted by Fischer. 

The numerous experiments carried out by us thus seem to 
establish the fact that glucosemonoacetone is not an intermediate 
compound, and that the condensation of the sugar and ketone leads 
directly to glucosediacetone, from which the monoacetone compound 
arises by partial hydrolysis. The production of the monoacetone 
compound in the process described by Fischer thus seems to be 
adventitious and due to the presence of minute traces of acid 
which, during the various manipulations involved in the isolation 
of the diacetone compound, remove the less stable acetone residue. 

Quite apart from the improvement in the preparation of 
glucosemonoacetone now described, the results are of interest in 
emphasising once more the varying stability of the different 
isopropylidene residues attached to the sugar molecule. Glucose- 
diacetone is completely hydrolysed by 0°1 per cent. hydrochloric 
acid at 75°, and even at 50°, but, on the other hand, at 30° only 
one of the groups is thus removed. This is shown in the accom- 
panying curves, in which specific rotation is plotted against time. 
In the region A to B (Fig. 1), the non-glucosidic acetone residue 
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only is being eliminated, whilst from B to C the remaining group 
is undergoing hydrolysis. The differentiation in stability between 
these groups is most marked, as at stage B the product is entirely 
glucosidic, thus indicating that, under the conditions of the experi- 
ment, the glucosidic fraction of the molecule is entirely unaffected. 
Although theoretically two glucosidic glucosemonoacetones are 
capable of existence, we have only succeeded in isolating the form 
already described by Fischer. As already stated, however, we 
obtained during the preparation of the compound on a large scale 
two distinct products, one of which separated from hot ethyl 
acetate as a gelatinous mass, whilst the other was deposited as 
warty aggregates of micro-crystals. The melting point and the 
specific rotation of these products were unaltered by further purifi- 
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cation from ethyl acetate, but the possibility of the compounds 
representing the two isomeric glucosemonoacetones was negatived 
by the results obtained on subjecting each to cautious hydrolysis. 
In parallel experiments in which each compound was successively 
heated at 30°, 65°, and 75° with 0°1 per cent. of hydrochloric acid, 
the curves representing the optical changes exhibited on hydrolysis 
were almost parallel throughout the whole change. This is shown 
in the accompanying diagram (Fig. 2), and it is evident from the 
form of the curves that the two specimens under examination 
could not possibly be stereoisomerides of different stability, and 
comparison with the hydrolytic curves previously determined for 
the fructosemonoacetones (loc. cit.) bears out this point. In 
calculating the specific rotations on which the curves are based, the 
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original concentration of glucosemonoacetone was used, but when 
the permanent values are corrected for the concentration of glucose 
formed on hydrolysis, it is at once evident that the granular 
variety cannot possibly be a pure form of glucosemonoacetone, as 
the corrected specific.rotation (67°9°) is much higher than that of 
glucose. It was subsequently ascertained that glucosediacetone 
was present in this specimen, but the value of the final specific 
rotation determined after complete hydrolysis*would indicate that 
some other product containing a larger proportion of combined 
glucose was also present. On the other hand, the gelatinous form 
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proved to be identical in every respect with the variety of glucose- 
monoacetone originally described by Fischer, and previously used 
in the preparation of trimethyl glucose (Irvine and Scott, T., 1913, 
103, 564). 

The original intention in preparing large quantities of glucose- 
monoacetone was to convert the compound into a trimethyl glucose, 
from which we hoped ultimately to synthesise glucosamine. We 
accordingly methylated glucosemonoacetone according to the 
method already described (Joc. cit.), and obtained, as stated, a 
trimethyl glucosemonoacetone. From this, in turn, by hydrolysis, 
the acetone group was removed, and the syrupy product frac- 
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tionated under the high vacuum of the Gaede pump. Contrary to 
expectation, the compound suffered some decomposition during this 
process, as, although a clean distillate was obtained, the product 
gave the reactions, not of a sugar, but of an osone, and the 
analytical figures confirmed the view that a considerable quantity 
of trimethylglucosone was present. This result has, in the mean- 
time, interfered with our synthetical scheme, and although not 
unfavourable to the view of the constitution of trimethyl glucose 
which was expressed by Irvine and Scott, may nevertheless point 
to this sugar being a derivative of y-glucose. This is supported 
by the abnormal rotation of the sugar, which shows the same 
irregularities as those displayed by tetramethyl y-glucose. The 
research is being continued with the object of settling this point. 


EXPERIMENTAL. 
Preparation of Glucosemonoacetone. 

The following is an account of one typical experiment. Sixty- 
five grams of finely powdered glucose were shaken for eight and 
a-half hours with 1200 c.c. of methyl alcohol containing 1°5 per 
cent. of hydrogen chloride, and the solution was set aside for sixty 
hours. The free acid was removed by shaking for two hours with 
barium carbonate, the liquid filtered, and the alcohol removed 
under diminished pressure. This operation was carried out in a 
Winchester bottle, the sides of which became coated with a hard, 
crystalline crust, consisting partly of product and partly of barium 
chloride. Seven hundred c.c. of acetone containing 0°5 per cent. 
of hydrogen chloride were then added, and the bottle shaken at 
35° for twenty hours, after which the free acid was removed by 
treatment with silver carbonate. After filtration, the acetone was 
removed on the water-bath, when the residual syrup, weighing 
50 grams, gradually solidified. The total product was extracted 
several times under reflux with petroleum of low boiling point, the 
glucosediacetone thus passing into solution, whilst an insoluble 
residue generally remained undissolved. The nature and amount 
of this residue varied considerably in different preparations, some- 
times consisting of pure glucosemonoacetone and occasionally of 
a solid solution of glucosemono- and di-acetones. The amount 
of this material, moreover, seemed to depend on the care which 
had been exercised to remove every trace of acid before boiling out 
the crude product with petroleum, and appeared to be augmented 
when the treatment with the solvent was unduly prolonged. 

On recrystallising the glucosediacetone from petroleum of low 
boiling point, the product melted at 105—106°. This material 
was then subjected to the process of half-hydrolysis. Forty grams 
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of pure glucosediacetone were dissolved in 850 c.c. of water con- 
taining 01 per cent. of hydrogen chloride, and the solution was 
kept in a thermostat at 30°. The specific rotation gradually 
diminished, and ultimately reached a constant value, as shown 
below : 
Time in minutes ... é 90 130 185 
—12-3° —9-5° — 8-8° — 8-2° 

In repeating this process on subsequent occasions, it was found 
necessary to follow each hydrolysis polarimetrically, and not to 
depend on the attainment of a specific rotation of approximately 
—8° as indicating the conclusion of the hydrolysis, as the per- 
manent value varied somewhat in magnitude. As a rule, how- 
ever, the hydrolysis was complete in three and a-half hours. The 
acid was neutralised by shaking with silver carbonate, followed by 
treatment with finely divided blood charcoal, after which the 
’ filtrate was evaporated until the volume was reduced to 200 c.c. 
During this concentration the liquid blackened considerably, owing 
to the separation of free silver, which was, however, removable by 
filtration. The final concentration was effected under diminished 
pressure, and a clear syrup thus obtained; the residue was ex- 
tracted with boiling ethyl acetate, which had previously been 
neutralised, and the extracts allowed to crystallise. 

The yield of crystalline material (m. p. 151—152°) obtained at 
this stage was 28 grams (88 per cent. of the theoretical amount), 
and the product was devoid of action on Fehling’s solution until 
it had been hydrolysed. 

The use of ethyl acetate as a crystallising medium for glucose- 
monoacetone is in many respects highly convenient, as the com- 
pound is readily soluble at the boiling point, but is almost insoluble 
in the cold. At the same time, on account of the bulky, gelatinous 
condition in which the substance separates, it is advisable to work 
with solutions which are not too highly concentrated. Even under 
the most favourable conditions it was difficult to remove the solvent 
completely by suction, and accordingly the filtered product was 
dried at 40° in an exhausted oven through which a slow current 
of air was passed. In this way the compound was isolated as a 
white mass which was readily powdered. After two recrystal- 
lisations from hot water, pure glucosemonoacetone (m. p. 
159—161°) was obtained. (Found, C=48°97; H=7°38; OMe=nil. 
CH 4.0, requires C=49°09; H=7°27 per cent.) 

Solvent: water; c=1°041; [a]? —11°81°. 

Although glucosemonoacetone is isolated in an apparently pure 
condition from ethyl acetate solution, it is necessary to emphasise 
the importance of recrystallising the compound from water. The 
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melting point and the specific rotations in water afford, in fact, 
little evidence as to purity, and cannot be trusted. This is shown - 
below, where the constants and analytical composition of different 
preparations which had been purified several times from ethy! 
acetate are compared. 
Preparation. m.p. [a]. C. H. 

I. 158—159-5° —10-3° 47-54 6-93 

II. 158-160 -10-4 — — 

II. 158-160 —10-6 48-44 7-38 

IV. 162-163 —11-1 48-30 715 

It is difficult to account for these analytical results, which 

cannot be due to the presence of glucosediacetone, nor are they 
attributable to the presence of derivatives of y-methylglucoside, as 
each specimen gaye a blank result with Zeisel’s provess. It is 
possible that the low carbon content is due to oxidation or to the 
gradual formation of traces of glucose. The most trustworthy test 
of the purity of a specimen of glucosemonoacetone is afforded by 
hydrolysis with 0°1 per cent. hydrochloric acid at 75°. The per- 
manent specific rotation, when calculated for the weight of glucose 
formed, should be in the neighbourhood of +52°5°. A_ higher 
value is a certain indication of impurity. 


Examination of the Granular Product. 


The ethyl acetate mother liquors, accumulated in recrystallising 
the gelatinous form of glucosemonoacetone, deposited warty aggre- 
gates of microscopic crystals on further concentration. This pro- 
duct generally amounted to about one-third of the weight of 
glucosemonoacetone, and the material, unlike the gelatinous 
variety, was readily filtered and dried. It underwent no change 
in appearance or melting point when recrystallised three times 
from ethyl acetate, and was at first regarded as the unknown 
B-glucosemonoacetone. The maximum melting point recorded was 
150—151°, and the substance behaved as a glucoside towards 
Fehling’s solution. Analyses of different preparations showed, 
however, that the compound was not a simple derivative of glucose : 

Found: C=47'95; H=7°26. 

C,9H,s0; requires C=48°00; H=7°20 per cent. 

Glucosemonoacetone (CyH,,O,) requires C=48'09; H=7°27 per 

cent. 

It will be seen that the results correspoud with the formula 
C,)H,0,, and this, in turn, applies to oxymethylglucoside 
monoacetone, which is one of the possible products to be expected 
in these reactions. This agreement is, however, fortuitous, as the 
substance gave a blank result with Zeisel’s process. The analytical 
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figures and the specific rotation in water (+1°2°) did not point to 
the presence of glucosediacetone in the specimen, but when re- 
crystallised fractionally four times from water the material was 
ultimately resolved into (1) glucosediacetone, (2) glucosemono- 
acetone, and (3) glucose. The free sugar isolated probably resulted 
from slight hydrolysis, so that the granular substance under ex- 
amination doubtless consists of mixed crystals of as and 
mono-acetones. 

On the other hand, polarimetric examination of the optical 
changes exhibited on hydrolysis with 0°1 per cent. hydrochloric 
acid at 75° showed that a strongly dextrorotatory constituent was 
present. The figures obtained are embodied in a curve, repro- 
duced in the introduction, and show that the specific rotation 
altered from +1°8° to +55°6. The latter value, assuming that 
glucose is the only sugar formed on hydrolysis, corresponds, on 
correction of the concentration, with [a], + 67°9°, so that evidently 
some compound was present other than those detected in the re- 
crystallisations already described. This may be. an isopropylidene- 
diglucose. 

Methylation of the Mixed Crystals. 


With the object of confirming the views expressed above as to 
the nature of the granular compound, the methylation process was 
applied to the substance. After two alkylations, carried out as 
described by Irvine and Scott (loc. cit.), the fully methylated pro- 
duct boiled at 117—120°/0°51 mm. 

Found: C=55°25; H=828. OMe=26°5. 
Trimethylglucosemonoacetone, CyoH0,g, requires C= 54°96 ; 
H=8'17; OMe=35'5 per cent. 

The analytical values were not improved by further methylation 
or refractionation of the liquid, and accordingly the material (23 
grams) was dissolved in 190 c.c. of methyl alcohol containing 
0°27 per cent. of hydrogen chloride, and heated for seventy-two 
hours at 110°. This treatment removed the acetone residue, and 
simultaneously converted the liberated sugars into methyl- 
glucosides, which were, after the usual treatment, separated by 
distillation at the Gaede pump. The main fraction boiled steadily 
at 140°/0°052 mm. 

Found: C=48°84; H=8°02; OMe=50°28. 

Trimethyl methylglucoside, C,g>H.,O,, requires C=50°85 ; H=8-47 ; 
é OMe=52'54 per cent. 

The result, which may in time prove to be important, is quoted 
as evidence that some compound was originally present which con- 
tained fewer than three hydroxyl groups. 
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Ou the other hand, the uudistilled residue left behind in the 
above fractionation proved to be monomethyl methylglucoside, 
from which the characteristic crystalline monomethy! a-glucose was 
obtained on hydrolysis. This confirms the presence of glucose- 
diacetone in the original material. 


Trimethylglucosone. 


The alkylation of pure glucosemonoacetone proceeded normally, 
as described by Irvine and Scott, and trimethyl glucosemonoacetone 
was obtained in good yield. The sugar formed on hydrolysis was 
isolated in the usual manner, but on this occasion was distilled 
under highly diminished pressure. A colourless syrup (b. p. 153° 
0°15 mm.) was thus obtained, but the fact that the compound 
reacted very energetically ;with Fehling’s solution in the cold 
showed at once that an osone was present. The compound was, in 
fact, pure trimethylglucosone. 

Found: C=48'51; H=805; OMe=42°'8. 

C,H,,0, requires C=48°6; H=8'1; OMe=42°3 per cent. 
Solvent. 
Ethyl alcohol 
Water 
N/4-Borie acid 
Benzene 

The fact that the rotation in water is unaffected by the addition 

of boric acid points strongly to the conclusion that the methy! 


groups are present in the ye(-positions. 


We desire to express our indebtedness to the Carnegie Trust for 
a research grant in aid of our work, and also to thank Mr. T. P. 
Hogg, who completed the research when our collaboration was 
interrupted. 
CHEMICAL RESEARCH LABORATORY, 
Unirep CoLLeGe or St. SALVATOR AND St. Leonarp, 


UNIVERSITY or St. ANDREWS, 
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CLXXXVI.—A Laboratory Circulating Pump. 


By Joun STantey Morean. 


In physico-chemical work, the necessity for maintaining lengthy 
portions of an apparatus at constant temperature frequently 
arises. In order to overcome the difficulty, the most effective device 
is to maintain a current of water from a thermostat round the 
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apparatus and back into the reservoir. Circulating pumps are 
somewhat expensive, and cannot be readily improvised, but by 
making use of the air-lift, an ordinary water-pump may be readily 
adapted to supply the motive power which is required. The 
accompanying figure shows all the parts in sufficient detail to be 
readily understood. 7 is a thermo- 

stat and J the jacket surrounding 

the apparatus. To the top of J a 

bulb with three inlets is fixed, as 

shown. One of these inlets is con- 

nected to J, one to the water-pump, 

and the third is connected to a long 

tube, Z, which just dips into the 

thermostat. Over the end of LZ a 

somewhat wider tube, fitted with a 

T-piece, is fixed by means of a rubber 

connexion. This T-tube serves as a 

means of adjustment; by completely 

closing the stop-cock fixed on the 

T-piece, water only is raised by the 

pump. On opening the cock, a mix- 

ture of air and water is drawn up, 

and when the bulb is reached this 

mixture separates into water, which 

returns to the thermostat by means of 

J, and air which passes through the 

pump. 

The device can be readily caused 
to maintain a flow of water around 
most complex apparatus at almost 
any desired rate. By increasing the 
number of intake tubes, very large « 
jackets may be employed, and the temperature gradient becomes 
almost negligible. 

Polariscopes, barometer tubes, and any parts of an apparatus 
that project can be dealt with very quickly and effectually by this 
means. 

The pump may be constructed out of materials in every labora- 
tory in a few minutes, and serves the same purpose as rotary 
pumps. 

MANCHESTER UNIVERSITY. [Received November 3rd, 1915}. 
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CLXXXVII.—3-gem-Dimethylpiperidine. 
By the late Joun Gunninc Moore Dun op. 


Tue reasons for which it was considered desirable to prepare this 
compound have been explained in the paper on “ The configuration 
of substituted ammonium compounds” (Jones and Dunlop, T., 
1912, 101, 1748), namely, as a starting point for the synthesis 
of a dicyclic quaternary ammonium salt, one of the rings of which 
should have no lateral symmetry with reference to the nitrogen 
atom, the compound which it was desired to prepare therefrom 
being 3:3-dimethyl-1 : 1-trimethylenepiperidinium iodide. 
Unfortunately, yields in all experiments were so minute that it 
was not possible to proceed to this synthesis, but for various 
reasons it appears desirable to give a description of the parent 
base. 
Of the various methods by which 3:3-dimethylpiperidine might 
be synthesised, the only one that appears practicable is the reduc- 


tion of aa-dimethylglutarimide, CH,<on 2 Gg>NH, the pre 
2 


paration of which is described by Blaise (Bull. Soc. chim., 1899, 
[iii], 21, 628). Of the many processes available for this reduction, 
several have been tried by the author, but one alone has given 
any result, namely, reduction with sodium in boiling amyl alcohol. 
In this case, a substance was obtained which boiled at 137°, had 
an odour like that of piperidine, and gave a strongly alkaline 
reaction with litmus. It was most readily purified by means of 
the aurichloride. 

On passing a current of hydrogen chloride through a solution of 
the base in ether, a crystalline hydrochloride was formed, but this 
salt was too deliquescent to be examined further; the todide was, 
however, obtained in slightly deliquescent crystals, melting at 
200°, by treating the base with aqueous hydriodic acid: 

0°3613 gave 0°3500 AgI. I=52°4. 

C,H,;N,HI requires I=52°7 per cent. 

The picrate, oxalate, and platinichloride were all extremely 
soluble in water and in alcohol, but the aurichloride was obtained 
in fine needles, melting at 182° and sparingly soluble in cold 
water : 

0°3799 gave 0°1649 Au. Au=43°4l. 

C,H,;N,HAuCl, requires Au= 43°54 per cent. 

A benzoyl derivative was obtained by the Schotten-Baumann 

method. This boiled at 204°/15 mm., and crystallised in needles, 
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melting at 68—69°. These, however, could not be obtained pure 
in quantity sufficient for analysis. 

It appears, therefore, the reduction of dimethylglutarimide has 
proceeded normally, at any rate in part, and that the base 
described is, in fact, 3-gem-dimethylpiperidine. 


The author’s thanks are due to the Government Grant Com- 
mittee of the Royal Society for a grant in aid of the cost of this 
investigation. 


Tae CHemicaL LABoRATORY, 
CAMBRIDGE UNIVERSITY. [ Received, October 19th, 1915.] 


CLXXXVIII.—Complex Metallic Ammines. Part II. 
Additive Compounds Formed from trans-Dichloro- 
dicthylenediaminecobaltic Chloride. 


By Tuomas Stater Price and Sipney ALBERT Brazier. 


In a previous paper (this vol., p. 1367), reference has been made 
to the fact that while endeavouring to prepare thiodiacetatodi- 
ethylenediaminecobaltic chloride by a method similar to that used 
in the preparation of the oxalato-chloride (Werner and Vilmos, 
Zeitsch. anorg. Chem., 1889, 21, 150), that is, by the direct inter- 
action of trans-dichlorodiethylenediaminecobaltic chloride and 
thiodiacetic acid, a green, crystalline precipitate was obtained 
when cold solutions of the two substances were mixed. This green 
precipitate was found to have a composition corresponding with 
the formula [Cl,Coen,]CO,*CH,°S*CH,*CO,H,S(CH,°CO,H),, that 
is, it consisted of an additive compound of trans-dichlorodiethylene- 
diaminecobaltic hydrogen thiodiacetate and thiodiacetic acid, 
analogous to the acid dichlorodiethylenediaminecobaltic chloride, 
[Cl,Co en,]C1,HCI1,2H,O, obtained by Jérgensen (J. pr. Chem., 
1889, [ii], 39, 24; Werner, Ber., 1901, 34, 1733). 

The formation of this additive compound led us to investigate 
the reaction which takes place between trans-dichlorodiethylene- 
diaminecobaltic chloride and other dibasic acids, our attention 
being confined, not simply to dibasic acids containing sulphur, but 
extending also to acids of the oxalic acid series and certain un- 
saturated dibasic acids. It was soon found that all dibasic acids 
do not give rise to additive compounds; in fact, with one or two 
exceptions, the compounds formed are of two types, which may be 
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formulated as [Cl,Coen,|AH,H,A and [Cl,Coen,|AH, where H,A 
represents a dibasic acid. 

In the following table are given the dibasic acids so far investi- 
gated by us, acids which give rise to additive compounds being 
arranged under the heading [| |AH,H,A, the other acids being 
comprised under the heading | |AH.. The dissociation constants, 
k, of these acids, in so far as they are known, are also included in 
the table. 


{| JAH,H,A, 

Malonic 

Chloromalonic ° Methylmalonic 

Bromomalonic Ethylmalonic 

Glutaric , Dimethylmalonic . 

Acetonedicarboxylic* of Diethylmalonic 

Thiodiacetic 4- Dichloromalonic 

Sulphonyldiacetic... 1: Dibromomalonic 

Thiodilactylict . Succinic 

Maleic Dibromosuccinic 
Tartaric 
mesoTartaric 
Adipic 
Dithiodiacetic 
Dithiodilactylic 


im Tt © 
oars 


~ 
> 
for) 


~I 


“a 
HISSCSOSS 


Citraconic 
| Mesaconic 


ASSCSCSAwWOIN & 


Itaconic 
*The results obtained with this acid were not very satisfactory, as will 
be seen by reference to the experimental part. 
+ The additive compound obtained in this case is of the type 
[Cl,Co en,]Cl,H,A. 


In addition to the above, additive compounds of the type 
| JAH,HA, were obtained (as by-products; see experimental part) 
with the monobasic acids, chloroacetic, dichloroacetic and dibromo- 
acetic acids. Also, it was found that trans-dibromodiethylene- 
diaminecobaltic bromide and thiodiacetic acid interact, with the 
formation of an additive compound of the type 

. [Br,Coen,]AH,H,A. 

A glance at the above table will show that the formation of these 
additive compounds is in no way connected with the strength of 
the acids, so that it is not necessary to discuss this point further. 
The fact that malonic and glutaric acids, which are very readily 
soluble in water, form additive compounds, whereas the much less 
readily soluble oxalic, succinic, and adipic acids do not, may be 
supposed to indicate that the solubility of the acids is a deciding 
factor. This is negatived, however, by the fact that methyl- and 
ethyl-substituted malonic acids, for example, although very readily 
soluble in water, do not give rise to additive compounds. A 
number of other instances of the non-effect of solubility could be 
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given, but one more will suffice, namely, thiodiacetic and dithio- 
diacetic acids are both extremely readily soluble in water, and yet 
the former gives an additive compound, whilst the latter does not. * 

In order to arrive at an explanation of the results obtained, it 
will be necessary first to consider the conclusions to which Werner 
has come in connexion with the formation of analogous compounds 
(Annalen, 1911, 386, 49). 

When silver nitrate is added to a solution of the deep brick- 
red cis-isothiocyanatoamminediethylenediaminecobaltic dithionate, 


ES Co en, 8,0, the colour of the solution alters immediately 


to a bright yellow, indicating that a change has taken place in the 
dissolved complex salt. From concentrated solutions, golden- 
yellow prisms can be obtained having a composition corresponding 


with the formula ke Co en, |8,0,.AgNO, The appearance of 


this compound is similar to that of the hexammine salts; in small 
quantities it can be recrystallised from warm water, but on heat- 
ing the solution more strongly, silver thiocyanate is precipitated. 
On the addition of hydrochloric acid, the solution becomes opal- 
escent, and silver chloride is slowly precipitated, the colour then 
changing to the original brick-red of the isothiocyanatoammine 
salts. These results can be explained on the assumption that the 
silver nitrate attaches itself in accordance with the following 
equation, 
[EAN Co en, |8,0, + AgNO,= Exe Co en, s, o 

a silver ssothiocyanatoamminediethylenediaminecobaltic salt being 
formed, that is, a compound derived from the diamminediethylene- 
diamine (hexammine) salts by the replacement of an ammonia 
molecule by a molecule of silver isothiocyanate, which behaves 
similarly to the ammonia molecule as far as its saturation value is 
concerned. 

Numerous other examples of the formation of such salts could 
be given (compare Werner, Joc. cit.), but it will be sufficient to 
refer to one more of this type only, namely, the additive compound 
formed when silver nitrate is added to a solution of ‘sothio- 
cyanatopentamminecobaltic nitrate, [SCNCo(NH;);|(NO;),. The 

* The solubility of an acid does not, of course, necessarily bear any direct 
relation to the solubility of its salts. The impression we have gained, however, 
is that the decisive factor is not solubility. This can only be ultimately 
decided by physico-chemical measurements, but there are many difficulties 
in making such measurements, arising from the unstable nature of many of 
these compounds in solution, so that hitherto we have made no progress in 
this direction. 
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colour of the solution changes from orange to yellow, and leaflets, 
which can be recrystallised from water, separate out (Werner and 
Miiller, Zeitsch. anorg. Chem., 1900, 22, 110). The composition of 
this additive compound corresponds with the formula 
[SCNCo(NHs);](NO,)2,AgNOs, 

but from the aqueous solution no silver can be precipitated as 
chloride by means of hydrochloric acid; in fact, the presence of 
silver can only be proved after destruction of the compound with 
fuming nitric acid. These facts can best be explained by formu- 
lation of the compound as [AgSCNCo(NHs3);](NOs)s, the silver 
consequently being non-ionogenic. 

In the above compounds, the complex cobalt salt combines with 
a simple inorganic salt to form an additive compound, but other 
additive compounds are known in which the complex cobalt salt 
combines with a molecule of an inorganic acid. A typical example 
of these additive compounds is the one already mentioned, namely, 
that formed from trans-dichlorodiethylenediaminecobaltic chloride 
and hydrochloric acid, [Cl,Co en,|Cl,HCI,2H,O. In analogy to the 
above-mentioned compounds, and neglecting the water of crystal- 
lisation, this may be formulated, according to Werner, as 


lc 
Cl 
the tetrammine salt changing into one of the pentammine type. 
It may be objected that this compound is formed from a ftrans- 
isomeride, whereas those given above were obtained from cis- 
isomerides. It should have been mentioned, however, that certain 
trans-isomerides, for example, ¢rans-nitroisothiocyanatodiethylene- 
diaminecobaltic nitrate, give additive compounds with silver 
nitrate, the formation of the additive compound being accompanied 
by a change in colour from brown to bright yellow. 

In the case of the formation of additive compounds between 
trans-dichlorocobaltic salts and acids there is no marked change in 
colour, all the salts being green. This is also true for the additive 
compounds formed with silver nitrate, for example, trans-dichloro- 
diethylenediaminecobaltic sulphate gives the additive compound 
[Cl,Co en, },SO,,2AgNO,, which is pale green, and is formulated by 
Werner as io” Co en, (Nd), (Annalen, 1911, 386, 53, 107). 
That no change in colour occurs may indicate that the constitution 
of these compounds is different from that of those previously men- 
tioned. This point will be discussed later (p. 1724). 

As far as we are aware, no additive compounds of the trans- 
dichloro-chloride with two molecules of a monobasic acid are known, 
although similar compounds are known in which one molecule of 
either a trans- or a cis-compound combines with two molecules of 


Co eo, [Cl, 


COMPLEX METALLIC AMMINES. PART II. 1717 


silver nitrate. Such a compound is trans-chloroisothiocyanato- 

diethylenediaminecobaltic nitrate, | SON Co en, |NOy, which with 

silver nitrate gives an additive compound, which is formulated by 
‘ Cl 

Werner (loc. cit., p. 51) as | Ag,SON Co en, |(NO,), Such a com- 


pound is analogous to the additive compounds we have obtained 
with the trans-dichloro-chloride and dibasic acids, which therefore, 
representing the dibasic acid as H,A, would be represented by the 
formula [ct Co om, |," In our opinion, however, these com- 
pounds would be better represented by a formula of the type 
[ et Co en, |4 (for modifications of this formula, see later), 
and the nitrate mentioned above by the formula 
AgCl 
| aesoN 0 en, |(NO,)s 

The latter compound, for example, according to Werner’s method 
of formulation, is of the pentammine type, since it contains a non- 
ionogenic chloro-radicle, and yet Werner represents it as a 
hexammine compound, the complex being tervalent and the salt 
containing three ionogenic NO,-radicles. When formulated as 


Reo Co en, |(NO,), it is of the hexammine type, in agreement 


with the tervalency of the complex.+ 

As far as the compounds of the type [Cl,Coen,|AH,H,A are 
concerned, we think that the evidence furnished in this paper 
affords more support for a formula in which both the chloro- 


radicles play a part, than for the formula | #,01 Co en, |B In 


the first place, the formation of these compounds appears to depend 
on the relative positions of the two chloro-radicles. cis-Dichloro- 
diethylenediaminecobaltic chloride neither forms an additive com- 
pound with hydrochloric acid nor with any of the dibasic acids we 
have investigated. In fact, if a solution of the cis-dichloro- 
chloride is mixed with a solution of thiodiacetic acid, after a short 
time green crystals of the ¢rans-dichloro-additive compound begin 
to separate. If only one chloro-residue were concerned, it is diffi- 


* An alternative method of formulation would be [Ho Co en, |(AH)» 


but as will be seen later, it is most probable that both the chloro-radicles are 
concerned in the formation of these compounds. 
+ It is true that this method of formulation gives rise to difficulties in con- 


nexion with such additive compounds as 1 : 6 [EAN Co en, |(NO,),,2AgNO,, 


(Werner, loc. cit, p. 50), but a discussion of these difficulties is better post- 
poned until more is known of these compounds, 
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cult to see why the cis-compound should behave differently from 
the trans-compound. By itself, this argument would not be at all 
convincing, especially when one takes into account the fact that 
monobasic acids in no case add on two molecules of the acid, but 
when considered in connexion with what follows, we think that 
some weight must be attached to it. 

Our chief reason for a formula which represents both the chloro- 
radicles as playing a part is based on a consideration of the results 
given in the table on p. 1714. Taking the simplest acids first, it 
is necessary to provide some explanation for the fact that malonic 
and glutaric acids form additive compounds, whilst oxalic, succinic, 
and adipic acids do not. We now suggest that this can be ex- 
plained by stereochemical considerations. The explanation we give 
is purely tentative, since much more work will be necessary before 
it can be considered to be proved, but owing to the fact that our 
investigations are stopped for the present, because of exigencies 
due to the war, we think it advisable to publish the results hitherto 
obtained. 

The explanation we give is that in malonic and glutaric acids 
the hydroxyl groups are so situated spatially that the residual 
valencies of their hydrogens can readily combine with the residual 
valencies of the chlorines in the trans-dichloro-compounds, and thus 
give rise to the formation of additive compounds, whereas in oxalic, 
succinic, and adipic acids this is not the case. With malonic acid, 
for example, the additive compound should not be formulated 

H bps 
2 


simply as b+ Co en 00> , but rather as 


00H 
CH oO OH (~Cl Co en,|C0,-CH,-CO,H.* 


We have been led to this conclusion respecting the spatial position 
of the hydroxyl groups by a consideration of the results obtained 
by Béeseken (Ber., 1913, 46, 2612), and Irvine and Steele (this 
vol., p. 1221), in their investigations on the constitution of poly- 
hydroxy-compounds. Béeseken has shown that glycol must be 
considered to have the configuration 


H OH OH OH 
! ! I | 
H-O—O-H, and not H-C—C-H, 
| | 
OH H H H 
* The fact that thiodilactylic acid gives an additive compound having the 
formula [Cl,Co en,]C1,S(CHMe*CO,H),, shows that the ordinary ionic radicle 


of the dichloro-compound, for example, the — CO,.CH,"CO,H radicle in the 
malonate, can be left out of consideration. 
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that is, the two hydroxyl groups, which are attached to adjacent 

carbon atoms, are situated on opposite sides (anti-position), and 

not on the same side (cis-position). It seems a natural corollary 

to this that in oxalic acid the hydroxyl groups will be in the anti- 
H 

position, thus, 0C-CO » and therefore not in a favourable position 
OH 

for their hydrogen atoms to combine with the chlorine atoms of 

the dichloro-compound. In the case of glycerol a-methyl ether, 

Irvine has shown that the two hydroxyl groups are in the anti- 


position, as represented by the formula MeG-CH, Ty bes 


Apparently, two hydroxyl groups when attached to adjacent 
carbon compounds, at all events in the simpler compounds, tend to 
assume the anti-position with respect to each other, and therefore 
we may on that in glycerol itself the configuration will be 
OH 

CH, ps ol This is supported by the fact that glycerol has 


only a very slight positive effect on the conductivity of solutions 
of boric acid, as shown by Béeseken. It would follow that 
ay-dihydroxypropane would have the configuration i CH bu, 
and therefore the Béeseken effect should be very slightly positive, 
or it may be slightly negative, since the hydroxyl groups are not 
attached to adjacent carbon atoms. As a matter of fact, there is 
only a very slight negative effect, of the same order as that observed 
with resorcinol, in which compound the hydroxyl groups are on 
the same side of the carbon atoms (Béeseken) and in the ay-posi- 
tion (meta-position) with respect to each other. It may therefore 
be taken that the configuration of ay-dihydroxypropane is as 
given, and it follows that in malonic acid the hydroxyl groups 
will be on the same side of the carbon atoms, that is, the con- 


figuration is aaa and therefore malonic acid will be able 


to form additive compounds. 

In the case of the next higher homologous acids, one can only 
proceed by analogy. Succinic acid would then be formulated as 
OH 
Co ‘CH,CH, 7 the hydroxyl groups being in the anti-position, 


and therefore not capable of forming additive compounds. It may 
5 H* 
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be objected that, owing to the bending round of the chain, due to 
the tetrahedral configuration of the carbon atom, the hydroxy! 
groups would be brought close enough together in space to form 
an additive compound with the dichloro-salt. This objection is 
apparently supported by the fact that succinic acid readily gives 
an anhydride, but it should be remembered that this anhydride is 
formed only at high temperatures or under the influence of strong 
dehydrating agents, that is, under conditions which may modify 
profoundly the relative positions of the atoms in the molecule. If 
the hydroxyl groups are really brought close together in space, one 
would expect this to hold also for aé-dihydroxybutane, which 
should then give a positive Béeseken effect; actually, however, it 
gives a slight negative effect. It is interesting to note that if the 
molecules of malonic and succinic acids are built up with the 
ordinary atomic models, the hydroxyl groups are much nearer to 
each other in malonic acid than in succinic acid, assuming the 
positions of these groups to be as given above. 

Again arguing from analogy, glutaric acid would have the con- 


stitution the hydroxyl groups being in the 


bo: bo 
O-CH,°CH,°CH,*CO’ 
cis-position, so that additive compounds should be capable of 
formation. The atomic model, in this case, shows that the 
hydroxyl groups are very close together, and it may be objected 
that the additive compound should be formed with the cés-dichloro- 
salt rather than with the ¢rans-isomeride. We have not been able 
to obtain any additive compound with the cis-isomeride, however, 
and we think the objection may be met as follows: The investiga- 
tions of Béeseken and Irvine seem to indicate that hydroxyl groups 
on adjacent carbon atoms have a repellent effect on each other, so 
that they are forced further apart into the anti-position. In 
glutaric acid, owing to the bending round of the chain, the terminal 
carbon atoms are brought so close together that the attached 
hydroxyl groups repel each other, not to such an extent that they 
are forced into the anti-position, but far enough apart to form an 
additive compound with the trans-dichloro-complex. 

Adipic acid would have the hydroxyl groups in the anti-position, 
and therefore not form additive compounds. In this case, how- 
ever, the terminal carbon atoms come so close together that, accord- 
ing to the usual conceptions, the chain commences to assume a 
spiral shape, and no conclusions can be drawn from the atomic 
models. It is possible that the investigation of the higher homo- 
logous acids will lead to interesting results in this connexion. 

The above deductions are supported by the results obtained with 
maleic and fumaric acids, where the evidence with respect to the 
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relative groups of the carboxyl groups, and hence of the hydroxyl 
groups, is much more definite. In maleic acid these groups are in 
the cis-position, and an additive compound can be formed. 
Fumaric acid is an anti-compound, and consequently no additive 
compound is obtained. The difficulty which arises owing to the 
fact that the methyl-substituted maleic acid, citraconic acid, does 
not form an additive compound, will be discussed later. 

An explanation has now to be given of the fact that although 
malonic acid forms additive compounds, certain substituted malonic 
acids, as may be seen from the table (p. 1714), do not. We 
suggest that the explanation is as follows: Assuming, for the sake 
of simplicity, that the carbon atom is a sphere, then, according to 
Werner’s ideas, the forces the resultant of which is regarded as a 
valency emanate from points on the sphere lying within the 
spherical cap of diameter 109°28°, the centre or pole of which is 
the valency point in question (compare Beesley, Ingold, and Thorpe, 
this vol., p. 1081). It seems reasonable to suppose that this 
angular distance between the valencies will depend on the groups 
which are attached to the carbon atom, and that possibly it is only 
the same in all four cases when the four groups attached to the 
carbon atom are the same. For the sake of simplicity, however, 
we may suppose that in malonic acid the angular distances between 
the valencies on the central carbon atom are the same, although it 
will not affect the reasoning if they are different. If, now, each 
of the hydrogen atoms attached to this central carbon atom is 
replaced by a methyl group, which has a much bigger molecular 
volume, 27°5 against 5°5, we may suppose that the angular 
distances between the other valencies will be decreased, and there- 
fore that the carboxyl groups will be brought closer to each other. 
The result is that the distance between the hydroxyl groups is so 
diminished, and their relative positions in space so influenced, that 
they are not favourably situated for forming an additive compound 
with the trans-dichloro-complex. ‘This deduction, which we were 
forced to make early on in our investigations, agrees with the con- 
clusions drawn by Beesley, Ingold, and Thorpe in their recently 
published paper on spiro-compounds (Joc. cit.). It is further sup- 
ported by the fact that dimethylmalonic acid gives an anhydride 
(Einhorn and Diesbach, Ber., 1906, 39, 1222; Einhorn, Annalen, 
1908, 359, 150, 158; Staudinger and Ott, Ber., 1908, 41, 2208, 
3829; Staudinger and Bereza, Ber., 1908, 41, 4462), or at all 
events a substance which has the empirical composition of an 
anhydride, and behaves as such towards various reagents. Malonic 
acid, however, does not give a true acid anhydride, but only the 
complete anhydride, carbon suboxide, C,0,. 

5 H* 2 
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The above reasoning can be extended to all the methyl- and 
ethyl-substituted malonic acids in order to explain the non-forma- 
tion of additive compounds, although the mono-substituted acids 
do not give acid anhydrides. It also affords an explanation of the 
fact that citraconic acid, that is, methylmaleic acid, does not form 
an additive compound, whereas maleic acid does. 

The case of the halogen-substituted acids is interesting. When 
both the hydrogen atoms in the methylene group are substituted 
by chlorine or bromine, an additive compound is not formed, a 
fact which is readily explained in the way given above when one 
takes into consideration the relative atomic volumes of hydrogen, 
chlorine, and bromine, namely, 5°5, 22°8, and 27°8 respectively. 
Both the monochloro- and monobromo-malonic acids, however, form 
additive compounds, but they are not as stable as the other additive 
compounds investigated, with the exception of that formed with 
acetonedicarboxylic acid. They can be safely washed with water, 
but if washed sufficiently with alcohol the chloro- or bromo-malonic 
acid can be entirely removed, whereas the additive compound 
formed with thiodiacetic acid, for example, can be washed with 
alcohol and ether without undergoing alteration ;* in fact, it can 
be precipitated from aqueous solution by the addition of alcohol. 
The substitution of one hydrogen atom in the methylene group of 
malonic acid by a halogen thus alters the position of the carboxy], 
and hence of the hydroxyl, groups relatively to each other to such 
an extent that the additive compound is not so readily formed, and 
is much less stable. + 

If the deductions with respect to the positions of the hydroxy! 
groups in succinic acid, namely, that they are in the anti-position, 
are correct, it follows that the substituted succinic acids will not 
give rise to additive compounds. This is borne out by the results 
obtained with dibromosuccinic acid, active and meso-tartaric acids, 
and itaconic acid (methylenesuccinic acid), which are the only sub- 
stituted succinic acids we have so far investigated. The fact that 


* The additive compounds formed with the other acids mentioned, excluding 
acetonedicarboxylic acid, behave similarly, as may be seen by reference to 
the experimental part. 

¢ If one considers atomic volumes alone as being the only factors which 
influence the relative position of the valencies (this is probably not true in 
the case of halogen-substituted compounds), it may be objected that methyl- 
malonic acid should give an additive compound as well as bromomalonic 
acid, since the molecular volume of the methyl group is 27-5, whereas 
the atomic volume of bromine is slightly greater, namely 27-8. This objection 
depends, however, on the validity of the values assigned to the atomic volumes. 
Those used in the text are due to Kopp. If Traube’s atomic volumes are 
used, the values for CH,, Cl, and Br are 19-2, 13-2, and 17-7 respectively, that 
of the methyl group thus being slightly greater than that for bromine. 
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the two tartaric acids behave similarly shows that the relative 
positions of the hydroxyl groups attached to the two central carbon 
atoms does not play any part. 

The results obtained with the thio- and dithio-acids show that 
the substitution of the sulphur atom for the methylene group in 
a chain has no effect on the orientation of the chain of atoms. 
Thus, thiodiacetic and thiodilactylic acids behave similarly to 
glutaric acid, from which they may be considered to be derived, 
whereas dithiodiacetic and dithiodilactylic acids agree in their 
behaviour with that of adipic acid. Even the oxidation of the 
sulphur to the sexavalent condition has no effect, since sulphony]l- 
diacetic acid forms an additive compound, just as does thiodiacetic 
acid, 

In the case of acetonedicarboxylic acid, CO(CH,*CO,H),, salts 
were obtained of which the analysis pointed to the formation of 
an additive compound, but they were evidently somewhat unstable 
towards water, and therefore much more so towards alcohol, so that 
they could not be obtained pure. 

The one experiment we have made with trans-dibromodiethylene- 
diaminecobaltic bromide in the place of the dichloro-chloride shows 
that it also gives rise to an additive compound with thiodiacetic 
acid. When, however, frans-dichlorodiethylenediaminecobaltic 
chloride is replaced by the green dichlorotetramminecobaltic 
chloride, no additive compounds are formed, at all events with 
thiodiacetic acid. This agrees with the fact that the tetrammine- 
chloride does not give an acid salt with hydrochloric acid, although 
the diethylenediamine chloride does so. 

In agreement with the fact that cis-dichlorodiethylenediamine- 
cobaltic chloride does not form an additive compound with hydro- 
chloric acid, we have not been able, in the few cases we have ex- 
amined, to obtain additive compounds with dibasic acids, although 
the cis-isomeride is much less soluble than the trans-dichloro- 
chloride. In some cases we have been able to isolate the ordinary 
salts, but we have not devoted much attention to this part of the 
subject, since the ¢rans-compounds seemed to be of more immediate 
interest. 

The additive compounds dealt with in this paper are much less 
stable in solution than those formed with silver nitrate. For ex- 
ample, in the aqueous solution of the compound 

[SCNCo(NH,);](NOs),AgNO,, 
silver ions cannot be detected by hydrochloric acid, whereas in the 
compound [Cl,Co en, |}CO,°CH,°S:CH,°CO,H,S(CH,°CO,H),, all the 
thiodiacetic acid is immediately precipitated as the silver salt on 
the addition of silver nitrate. This difference in stability may be 
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connected with the fact that all the additive compounds formed 
with the dichloro-compounds are green. It has already been 
pointed out that when additive compounds other than those derived 
from the dichloro-complex are formed with silver nitrate, a change 
in colour takes place, and this change in colour is used by Werner 
as evidence in support of his formulation of these compounds, it 
being assumed that a change in constitution takes place, the silver 
attaching itself to one of the co-ordinated groups, and thus becom- 
ing non-ionogenic. If a similar change in constitution takes place 
when the dichloro-complexes form additive compounds, as is postu- 
lated by Werner in his formulation of the additive compound 
resulting from trans-dichlorodiethylenediaminecobaltic sulphate 
and silver nitrate as | a Co ens | Oxd,), (compare p. 1716), it 
is difficult to see why the characteristic green colour is retained, 
since the salt would then belong to the pentammine class. The 
explanation may possibly be that in these green compounds no part 
of the compound added on enters into the inner, non-ionogenic 
sphere of the complex, all of it remaining in the outer sphere, and 
being connected with the chlorine atoms by subsidiary valencies. 


This is expressed by the formula < 
HCl 


AH 
reference to the formula | Co en | , and, as we have seen, 
P HC! 1A, ‘7 


the former formula is also preferable when accounting for the 
behaviour of the various dibasic acids. It would follow that the 
green additive compound formed from trans-dichlorodiethylene- 
diaminecobaltic sulphate and silver nitrate should be represented 


("0s4e }) SO,, and not as given by Werner. 
2 


as 
) 
Dichlorotetramminecobaltic hydrogen sulphate also enters into 


reaction with silver nitrate, giving a green compound, but in this 
case nitric acid is eliminated. Werner and Klein (Zettsch. anorg. 
Chem., 1897, 14, 31) first formulated this compound as 
[Cl,Co(NHs),]8O,Ag, 
and since it is green, we think this formulation is preferable to 
the later one given by Werner (Annalen, 1911, 386, 53), namely, 
Fe Co(NH,), |80,. 

As regards the nomenclature of the additive compounds dealt 
with in this paper, we suggest that it would be convenient to call 
the compound formed, for example, with malonic acid, malonic 
acid-trans-dichlorodiethylenediaminecobaltic hydrogen malonate. 
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ExPERIMENTAL. 


In the preparation of the compounds about to be described, it 
is necessary to use cold solutions of the components, since trans- 
dichlorodiethylenediaminecobaltic chloride readily undergoes trans- 
formation into the chloro-aquo-salt in warm solutions; even in cold 
solutions the transformation takes place slowly. The procedure 
adopted is as follows: Cold concentrated solutions of the trans- 
dichloro-chloride and the acid are mixed, the proportions taken 
being one molecular equivalent of the chloride to rather more than 
two molecular equivalents of the acid. In many cases a precipitate 
is formed at once, but in others it is formed only on scratching the 
sides of the containing beaker with a glass rod. In other cases 
no precipitate is formed, and it is necessary to add sufficient sodium 
carbonate to form the sodium hydrogen salt of the acid before 
precipitation occurs, the reason for this being, of course, that the 
acid is so little dissociated that there are insufficient anions in the 
solution for the solubility product of the salt formed with the 
dichloro-complex to be exceeded; the formation of the sodium 
hydrogen salt gives the necessary concentration of the anions. In 
several cases, as will be seen later, we have proved that when the 
acid forms an additive compound, it is immaterial whether it be 
present in the reaction mixture as the free acid or as the sodium 
hydrogen salt. 

Owing to the method of preparation, the compounds formed are 
rapidly deposited as microcrystalline * precipitates. Those derived 
from the trans-dichloro-chloride are all green; many different 
shades of green were obtained, and it is difficult to distinguish 
them by a mere description. Since, however, the particular shade 
depends on the size of the crystalline particles, which again 
depends on the rate at which precipitation occurs, it is not neces- 
sary to attempt to be very precise in the description of the colour. 

The aqueous solutions of all the compounds obtained are much 
more stable than the solution of the dichloro-chloride from which 
they are derived, but, on keeping, they slowly change in colour, 
probably with the formation of chloro-aquo-compounds. Owing to 
this transformation, none of the compounds could be recrystal- 
lised, but according to the analytical figures they were always 
precipitated in the pure condition. The fresh, aqueous solutions 
did not contain ionic chlorine. 

In what follows, the compounds are dealt with, not in the order 
of their preparation, but in their systematic order. 


* The fact that the crystals are microscopic in size is not referred to again 
when describing the individual salts, in order to avoid repetition. 
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trans-Dichlorodiethylenediaminecobaltic hydrogen oxalate, 
[Cl,Co en,]C,0,H,2H,0, 
was obtained as emerald-green, striated, and elongated plates when 
a cold solution of 3 grams of oxalic acid in 30 c.c. of water was 
added to a solution of 2 grams of trans-dichlorodiethylenediamine- 
cobaltic chloride in 10 c.c. of water. After washing with water 
and alcohol, the yield was 2°4 grams: 


0°3525 gave 0°1468 CoSO,. Co=15°84. 

0°3022 ,, 0°2294 AgCl. Cl=18°78. 

C,H,;0,N,Cl,Co,2H,O requires Co=15°72; CIl=18'91 per cent. 

The same salt (Co=15°73 per cent.) was obtained when oxalic 
acid was replaced by ammonium or potassium hydrogen oxalate, 
but, in agreement with other observers (Jérgensen, J. pr. Chem., 
1889, [ii], 39, 16), no precipitate could be obtained with ammonium 
oxalate, even in very concentrated solutions. When dilute hydro- 
chloric acid was added drop by drop to the solution containing the 
ammonium oxalate, the green acid oxalate was precipitated. 

When preparing the salt from ammonium hydrogen oxalate, an 
interesting observation was made on one occasion. To a cold solu- 
tion of 2 grams of the trans-dichloro-chloride in 10 c.c. of water 
was added, drop by drop, with constant stirring and cooling, a 
solution of 5 grams of ammonium hydrogen oxalate in 40 c.c. of 
water, the latter solution being kept sufficiently hot to retain the 
oxalate in solution. The salt which separated appeared to be 
similar to that obtained in other experiments, using cold solutions, 
but analysis showed it to be ovalic acid-trans-dichlorodiethylene- 
diaminecobaltic hydrogen oxalate, [Cl,Coen,|C,0,H,C,H,, : 


0°3542 gave 0°1269 CoSO,. Co=13°94. 

0°2290 ,, 0°1996 AgCl. Cl=16°51. 

C,H,,0,N,Cl,Co,C,H,O, requires Co=13°74; Cl=16°53 per cent. 

An attempt to repeat this result was not satisfactory, the salt 
obtained having Co=14°30 per cent., that is, it was probably a 
mixture of the compounds described above. Possibly the abnormal 
result obtained in this one case may be due to the relative posi- 
tions of the hydroxyl groups in the oxalic acid being considerably 
modified by rise in temperature, with the result that the reason- 
ing given in the introduction is no longer valid. At all events, 
this apparent influence of temperature is worthy of investigation, 
and will be studied as opportunity offers. 

Oxalatodiethylenediaminecobaltic chloride, [C,0,Co en,|Cl,4H,9, 
was readily obtained from the above-mentioned hydrogen oxalate 
as follows: Seven grams of the latter were added to 40 c.c. of 
water, and the whole heated to boiling. Complete solution 
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occurred, and the colour changed to that of the oxalato-chloride. 
There was no separation of salt on cooling until after the solution 
had been concentrated on the water-bath. The crystals thus 
obtained were recrystallised from water and dried in the air. The 
freshly dried crystals were analysed, since they effloresce to some 
extent on exposure to the air: 


0°3518 gave 0°1460 CoSO,. Co=15°78. 

0°3470 =, 0°1322 AgCl. Cl=9°42. 

0°3537 lost 0°0675 after sixteen hours at 145°* H,O=19°08. 

C;H,,0,N,ClCo,4H,O requires Co=15°74; Cl=9°46; H,O=19°23 
per cent. 


Werner and Vilmos (Zeitsch. anorg. Chem., 1899, 21, 150) 
ascribe the formula [C,0,Coen,]Cl,3H,O to this salt, whereas we 
find that it has four molecules of water of crystallisation. In 
order to make certain that our salt was the oxalato-chloride, we 
prepared the latter in accordance with the instructions given by 
Werner and Vilmos, and found it to have 4H,O (Co=15°70 per 
cent., whereas 3H,O requires Co=16°53 per cent.). Moreover, 
both salts gave exactly the same reactions when submitted to the 
tests described by Werner and Vilmos. This result with respect 
to the water of crystallisation is exactly similar to that found for 
the corresponding bromide (this vol., p. 1376), and possibly the 
same explanation will hold, namely, that the difference is 
accounted for by the difference in the amount of moisture present 
in the air at Birmingham and at Ziirich. 

In an attempt to prepare the cis-hydrogen oxalate, 1°7 grams 
of cis-dichlorodiethylenediaminecobaltic chloride dissolved in 
45 c.c. of water were mixed with a solution of 3 grams of oxalic 
acid in 20 c.c. of water. There was no precipitate on keeping, so 
the solution was concentrated in a vacuum desiccator over calcium 
chloride. The residue obtained did not have the violet colour of 
a cis-dichloro-compound, but resembled oxalatodiethylenediamine- 
cobaltic chloride. It contained ionic chlorine, and recrystallisa- 
tion from water did not change its appearance. It gave Co=15°99 
per cent., in agreement with the percentage of cobalt in the 
oxalato-chloride. 

In another experiment, to a solution of 2 grams of the cis- 
dichloro-chloride in 50 c.c. of water, a solution of 2 grams of oxalic 
acid in 10 c.c. of hot water was added drop by drop, the solution 
of the dichloro-chloride being well stirred and cooled meanwhile. 
No precipitate was formed, so 1 gram of sodium carbonate 
(approximately half a molecular equivalent of the oxalic acid) was 


* There was no further loss after heating for another five hours. 
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added ; after vigorous stirring and scratching, a violet precipitate 
slowly separated, which was collected and washed with water and 
alcohol. It was found to have a composition corresponding 
approximately with that of cis-dichlorodiethylenediaminecobaltic 
oxalate, |Cl,Coen,],C,0,, but the amount of it obtained was so 
small (0°5 gram), and the crystals of such minute size, that it 
could not be washed sufficiently to purify it from all adherent 
matter. A further small crop of the same salt was obtained on 
the addition of another gram of sodium carbonate, that is, enough 
to transform the remaining sodium hydrogen oxalate into the 
normal salt, to the filtrate from the above preparation: 


0°2977 gave 0°1591 CoSO,. Co=20°33. 

0°1945 ,, 0°1848 AgCl. Cl=23°50. 

CipHgg0,N,Cl,Co, requires Co= 20°05 ; Cl= 24°12 per cent. 

To prepare malonic acid-trans-dichlorodiethylenediaminecobaltic 
hydrogen malonate, [Cl,Coen,|CO,*CH,-CO,H,CH,(CO,H),,2H,0, 
4 grams of malonic acid were added to a solution of 3 grams of 
trans-dichloro-chloride in 10 c.c. of water. The malonic acid dis- 
solved, and then the hydrogen malonate separated as a dark, 
emerald-green precipitate, consisting of a conglomerate of short, 
blunt prisms, which was collected and washed with water and 
alcohol. The yield was 1°8 grams: 


0°3523 gave 0°1109 CoSO,. Co=11°97. 

0°3045 ,, 0°1763 AgCl. Cl=14°32. 

C,9H,30,N,Cl,Co,2H,O requires Co=11°96; Cl=14°38 per cent. 

Attempts to prepare a cis-malonate met with no success, even 
after the addition of sodium carbonate. It was found, however, 
that when a solution containing 2 grams of the cis-dichloro-chloride 
and 2 grams of malonic acid in 50 c.c. of water was evaporated on 
the water-bath, a green, crystalline residue was obtained on cool- 
ing. This was washed with water and alcohol: 

0°3556 gave 0°1362 CoSO,. Co=14°57. 

0°2723 ,, 0°2732 AgCl. Cl=24'82. 

The analytical figures showed that it was not the above- 
mentioned trans-additive compound, nor was it the trans-dichloro- 
hydrogen malonate, which requires Co=16°70 and Cl=20°09 per 
cent. ; moreover, it was found to contain ionic chlorine. Similar 
results were obtained, as far as the analytical figures are concerned, 
when a solution containing ¢trans-dichloro-chloride and malonic 
acid in the proportions by weight of 2:3 was evaporated on the 
water-bath, except that the solution first turned red, owing to 
transformation into the chloro-aquo-compound, and then became 
green again on further concentration. The percentages of cobalt 
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and chlorine were lower, namely, 13°93 and 22°82 respectively, 
than in the above case, where the proportions were 2:2. When 
the proportions by weight were 2:1 (equimolecular proportions 
require 2:0°73 by weight), the crystals, which still contained ionic 
chlorine, had a composition agreeing approximately with that 
for malonie acid-trans-dichlorodiethylenediaminecobaltic chloride, 
[Cl,Co en, |Cl,CH,(CO,H),, with or without a molecule of water of 
crystallisation : 


0°3060 gave 0°1197 CoSO,. Co=14°88. 
0°3201 ,, 0°3425 AgCl. Cl=26°47. 
C,H»0,N,Cl,Co requires Co=15°14; Cl=27°28 per cent. 
C,H. 0,N,Cl,Co,H,O requires Co= 14°47 ; Cl= 26°07 per cent. 
The above results indicated that as the proportion of malonic 
acid is increased, the percentages both of the cobalt and chlorine 
decreased, that is, that the compounds isolated were probably mix- 
tures of the malonic acid-dichloro-chloride and the malonic acid- 
dichloro-hydrogen malonate; with sufficient excess of malonic acid, 
the latter salt would therefore probably be obtained in a pure 
condition. This was found to be the case, since when excess of 
malonic acid was added to the combined filtrates obtained in the 
above preparations, and the solutions again evaporated on the 
water-bath, the resulting crystals gave Co=11'95 (theory, 11°96) 
and contained no ionic chlorine. 

trans-Dichlorodiethylenediaminecobaltic hydrogen diethyl- 
malonate, [Cl,Coen,|CO,*CEt,.,;CO,H, was prepared by adding 
2 grams of trans-dichloro-chloride dissolved in 10 c.c. of water to 
a solution of 2 grams of diethylmalonic acid in 10 c.c. of water. 
No precipitate was formed on keeping, but the addition of 0°1 gram 
of sodium carbonate caused immediate precipitation of the com- 
pound in the form of emerald-green, square plates, mixed with a 
few needles. The addition of 0°5 gram of sodium carbonate to 
the filtrate gave a further crop of the same salt, as shown by 
analysis. The yield was 2 grams: 


0°3495 gave 0°1326 CoSO,. Co=14°43. 
03487 ,, 0°2419 AgCl. Cl=17°16. 
C,,H,,0,N,Cl,Co requires Co= 14°41; Cl=17°33 per cent. 


The corresponding c#s-compound, using cis-dichloro-chloride, was 
not obtained. When 0°5 gram of the trans-dichloro-chloride and 
05 gram of the acid were dissolved in water and the solution 
evaporated on the water-bath, it first turned red, and when further 
concentrated became green again. The crystals which separated 
on cooling were a mixture of green and violet compounds, but the 
respective compounds could not be isolated, The quantity of acid 


1730 PRICE AND BRAZIER: 


at our disposal was too small to make further experiments in this 
direction. 

To obtain transdichlorodiethylenediaminecobaltic hydrogen 
ethylmalonate, [Cl,Coen,|CO,-CHEt-CO,H, 2 grams of ethyl- 
malonic acid were dissolved in a solution of 2 grams of trans- 
dichloro-chloride in 10 c.c. of water. No precipitate was formed 
until after the addition of 0°8 gram of sodium carbonate, when 
the salt was obtained in the form of emerald-green, blunt-ended 
prisms. The yield was 1‘7 grams: 

0°3042 gave 0°1239 CoSO,. Co=15°49. 

0°3193 ,, 0°2389 AgCl. Cl=18°51. 

C,H,,0,N,Cl,Co requires Co=15°47; Cl=18°61 per cent. 

In order to see if an additive compound is formed when frans- 
dichloro-chloride and ethylmalonic acid interact without the addi- 
tion of sodium carbonate, a solution containing 0°4 gram of each 
component in 10 c.c. of water was evaporated to dryness in a 
vacuum desiccator. The green residue, after being washed with 
a little water, was, however, the above compound in an impure 
condition, since it contained 16°43 per cent. of cobalt, and also 
ionic chlorine. The additive compound would require 11°49 per 
cent. of cobalt. . 

For the preparation of trans-dichlorodiethylenediaminecobaltic 
hydrogen dimethylmalonate, [Cl,Coen,]CO,"CMe,°CO,H, solutions 
of trans-dichloro-chloride and dimethylmalonic acid, each contain- 
ing 2 grams of the compound in 10 c.c. of water, were mixed. No 
precipitate was formed until after the addition of 0°8 gram of 
sodium carbonate, when the compound was precipitated in nodular 
aggregates of dark, emerald-green crystals, which were washed 
with water. The yield was 1°4 grams: 


0°3078 gave 0°1231 CoSO,. Co=15°21. 
0°3378 = ,, 0°2537 AgCl. Cl=18°58. 
C,H,,0,N,Cl,Co requires Co= 15°47; Cl=18°61 per cent. 

trans-Dichlorodiethylenediaminecobaltic hydrogen methyl- 
malonate, [Cl,Co eng]CO,*CHMe-CO,H, was obtained by dissolving 
2 grams of methylmalonic acid in a solution of 2 grams of trans- 
dichloro-chloride in 10 c.c. of water, and then adding 0°8 gram of 
sodium carbonate. Precipitation occurred only after much stirring 
and scratching, the salt then separating in the form of emerald- 
green, blunt-ended prisms. The yield was 0°7 gram: 


0°2838 gave 0°1184 CoSO,. Co=15°87. 
0°2751 ,, 0°2108 AgCl. Cl=18°96. 

C,H,,0,N,Cl1,Co requires Co=16°06; Cl=19°32 per cent. 
When solutions of trans-dichloro-chloride and dibromomalonic 
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acid containing, respectively, 2 and 5 grams of the compounds in 
10 c.c. of water, were mixed, there was an immediate precipitate 
of transdichlorodiethylenediaminecobaltic hydrogen  dibromo- 
malonate, [Cl,Coen,|CO,*CBr.-CO,H, which is only sparingly 
soluble in water, and consists of apple-green, blunt-ended, prismatic 
crystals. The yield was 3 grams: 

0°3134 gave 0°0947 CoSO,. Co=11°49. 

03015 = ,, 0°1696 AgCl.* Cl=13°91. 

C,H,;0,N,Cl,Br,Co requires Co=11°54; Cl=13°88 per cent. 

In one experiment, 2 and 5 grams, respectively, of the dichloro- 
chloride and dibromomalonic acid were added to about 50 c.c. of 
water, and the resulting precipitate and solution heated on the 
water-bath ; there was a vigorous evolution of carbon dioxide as 
soon as the solution became warm, owing to the decomposition of 
the dibromomalonic acid. All the solid dissolved, and the solution 
became red, but on evaporation to a low bulk it became green 
again, and, on cooling, milky green, irregular plates separated, 
having a composition agreeing with that necessary for dibromo- 
acetic acid-trans-dichlorodiethylenediaminecobaltic dibromoacetate, 
[Cl,Co en, |CO,-CHBr,,CHBr,-CO,H. The same compound was 
obtained as an immediate precipitate when a solution of 5 grams 
of dibromomalonic acid in 20 c.c. of water was heated on the water- 
bath until the evolution of carbon dioxide ceased, the solution 
cooled, and then added to a solution of 2 grams of trans-dichloro- 
chloride in 20 c.c. of water. The yield was 4°3 grams: 

0°3124 gave 0°0709 CoSO,. Co=8'63. 

03060 ,, 0°0696 CoSO,. Co=8'65. 

C,H,,0,N,Cl1,Br,Co requires Co=8°61 per cent. 

Bromomalonic acid - trans - dichlorodiethylenediaminecobaltic 
hydrogen bromomalohate, 

[Cl,Co en,]CO,-CHBr-CO,H,CHBr(CO,H)., 
was prepared by dissolving 3 grams of bromomalonic acid in 10 c.c. 
of water, and adding the solution to 2 grams of trans-dichloro- 


*In estimating the chlorine,’the salt was treated with silver nitrate and 
dilute nitric acid in the usual way. The resulting precipitate, which contained 
some silver bromide as well as silver chloride, was collected in a quartz Gooch 
crucible, washed, dried, and weighed. The crucible was then partly filled 
with fresh chlorine water and left in chlorine water in the dark overnight, 
in order to transform the silver bromide into silver chloride. It was again 
dried and weighed. This process was repeated until there was no further 
loss in weight (only one or two treatments were necessary), and then the 
weight of silver bromide originally present calculated from the loss 
in weight. This method was used in similar cases, and found to be 
satisfactory. In any case, the percentage of cobalt in the salt is a sure 
indication of the composition of the salt. 
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chloride. The salt separated immediately, and the whole was 
triturated until all the dichloro-chloride had dissolved. The result- 
ing mass of emerald-green plates was washed with a little water 
only. The yield was 2°7 grams: 


0°2534 gave 0°0647 CoSO,. Co=9°71. 
0°2982 ,, 01362 AgCl. Cl=11°30. 
Cy oH,,0,N,Cl1,Br,Co requires Co=9°59; Cl=11°53 per cent. 


In another preparation, the 2 grams of trans-dichloro-chloride 
were dissolved in 10 c.c. of water before the solution of bromo- 
malonic acid was added. The yield of salt was much smaller 
(1 gram), and in order to prevent loss it was washed with alcohol 
instead of water. The appearance of the salt was unaltered, as 
also the shape of the crystals, but analysis gave a composition 
agreeing with that of trans-dichlorodiethylenediaminecobaltic 
hydrogen bromomalonate, [Cl,Co en,|CO,*CHBr-CO,H : 


0°3127 gave 0°1124 CoSO,. Co=13°67. 
0°3194 ,, 0°2145 AgCl. Cl=16°61. 
C,H,,0,N,Cl,BrCo requires Co= 13°65; Cl=16°42 per cent. 


When the washing with alcohol was not so thorough, products 
of intermediate composition were obtained, for example, Co=12°17 


per cent. 

trans-Dichlorodiethylenediaminecobaltic hydrogen  dichloro- 
malonate, [Cl,Co en,|]CO,*CCl,-CO,H, was obtained by adding 
2 grams of trans-dichloro-chloride dissolved in 10 c.c. of water to 
a solution in 10 c.c. of water of 2°5 grams of dichloromalonic acid 
and 0°8 gram of sodium carbonate. The yield was 1°3 grams. It 
was also prepared by dissolving 2°5 grams of the acid in a solution 
of 1°5 grams of the dichloro-chloride in 10 c.c. of water, but the 
yield was much smaller. The same compound is obtained whether 
the precipitate is washed with water alone or with alcohol and 
ether. It consists of a conglomerate of light, emerald-green plates: 


0°2801 gave 0°1033 CoSO,. Co=14-03. 
0°2689 ,, 03646 AgCl. Cl=33°54. 
C,H,;0,N,Cl,Co requires Co=13°98; Cl=33°61 per cent. 


When the filtrate from the first preparation was heated on the 
water-bath, carbon dioxide was evolved, and the solution turned 
red. On evaporation to a small bulk it became green once more, 
and, on cooling, a conglomerate of light, emerald-green crystals of 
no definite shape was obtained, having a composition correspond- 
ing with that required for dichloroacetic acid-trans-dichloro- 
diethylenediaminecobaltic dichloroacetate, 

[Cl,Co en, }CO,*CHCl,,CHCI,*CO,H : 
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0°2204 gave 0°0686 CoSO,. Co=11°84. 
C,H,,0,N,Cl,Co requires Co=11°64 per cent. 

Chloromalonic acid - trans - dichlorodiethylenediaminecobaltic 

hydrogen chloromalonate, 
[Cl1,Co en, |CO,*CHCI-CO,H,CHC1(CO,H),, 

was obtained by adding 2°5 grams of chloromalonic acid dissolved 
in 10 c.c. of water to 2 grams of trans-dichloro-chloride. The latter 
dissolved, but before solution was complete a precipitate separated, 
consisting of a conglomerate of emerald-green crystals of no definite 
shape. It was washed with water only. The yield was 2°2 grams: 


0°3415 gave 0°1025 CoSO,. Co=11°42. 

0°2538 ,, 0°2742 AgCl. Cl=26°73. 

C9H,,0,N,Cl,Co requires Co=11°21; Cl=26°97 per cent. 

In another preparation the salt was washed with water and 
alcohol. The percentages of cobalt and chlorine were then higher, 
being, respectively, 12°23 and 27°24. It was suspected that the 
alcohol removed some of the chloromalonic acid, and in order to 
test this, the pure additive compound was washed with alcohol, 
when the percentage of cobalt rose to 13°57. A further thorough 
washing with alcohol left a salt having a composition agreeing 
with that of trans-dichlorodiethylenediaminecobaltic hydrogen 
chloromalonate, [C1,Co en,|CO,*CHCI-CO,H : 

0°3117 gave 0°1232 CoSO,. Co=15°03. 

0°2401 ,, 02664 AgCl. Cl=27°45. 

C,H,,0,N,Cl,Co requires Co=15°22; Cl=27°45 per cent. 

‘When a solution of the additive compound with chloromalonic 
acid is evaporated on the water-bath, it becomes red, and then, 
when further concentrated, green once more, but at the same time 
evolution of carbon dioxide occurs, probably with the formation of 
a chloroacetate. A pure substance could not be isolated in this 
way, but pure chloroacetic acid-trans-dichlorodiethylenediamine- 
cobaltte chloroacetate, [Cl,Coen,|CO,*CH,Cl1,CH,Cl-CO,H, was 
immediately precipitated in emerald-green, flat prisms when 
2 grams of chloroacetic acid dissolved in 5 c.c. of water were added 
to a solution of 2 grams of ¢trans-dichloro-chloride in 10 c.c. of 
water. The yield was 2°6 grams, and the salt could be washed 
with alcohol without losing chloroacetic acid : 


0°3152 gave 0°1116 CoSO,. Co=13°47. 
C,H.,0,N,Cl,Co requires Co=13°46 per cent. 


To prepare trans-dichlorodiethylenediaminecobaltic hydrogen 
succinate, [Cl,Coen,]Co,*[CH],*CO,H,H,O, 4 grams of succinic acid 
and 1°8 grams of sodium carbonate, dissolved in 15 c.c. of water, 
were added to a solution of 2 grams of trans-dichloro-chloride in 
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10 c.c. of water. The salt, which separated out slowly, consisted 
of dark, emerald-green, blunt-ended prisms; it was washed with 
water only. The yield was 2 grams: 

0°2024 gave 0°0812 CoSO,. Co=15°26. 

0°3029 ,, 0°2234 AgCl. Cl=18°25. 

C,H,,0,N,Cl,Co,H,O requires Co=15°31; Cl=18°42 per cent. 

In another preparation, the salt was washed with water and 
alcohol, and then gave Co=15°89; Cl=19°06 per cent., correspond- 
ing with the anhydrous substance, which requires Co=16°06; 
Cl=19°32 per cent.* 

The corresponding cis-dichlorodiethylenediaminecobaltic hydrogen 
succinate, [Cl,Coen,|CO,*[CH,],"CO,H, was obtained in violet, 
short, blunt-ended prisms, in a similar manner to the trans- 
isomeride, using 2 grams of cis-dichloro-chloride dissolved in 
50 c.c. of water, and 2 grams of succinic acid with 4°6 grams of 
sodium succinate dissolved in 20 c.c. of water: 

0°3325 gave 0°1377 CoSO,. Co=15°75. 

0°2997 ,, 0°2310 AgCl. Cl=19°07. 

C,H,,0,N,Cl1,Co requires Co=16°06; Cl=19°32 per cent. 
trans-Dichlorodiethylenediaminecobaltic hydrogen dibromo- 
succinate, [Cl,Co en,|CO,*[CHBr],"CO,H, was precipitated immedi- 


ately in malachite-green crystals of indefinite shape when a solu- 
tion of 4 grams of dibromosuccinic acid and 0°7 gram of sodium 
carbonate in 40 c.c. of water was added to 2 grams of trans- 
dichloro-chloride dissolved in 10 c.c. of water. The yield was 3°3 


grams: 

0°2967 gave 0°0864 CoSO,. Co=11°08. 

0°3002. ,, 0°1650 AgCl. Cl=13°60. 

C,H,,0,N,Cl,Br,Co requires Co=11°23; Cl=13°51 per cent. 

To obtain transdichlorodiethylenediaminecobaltic hydrogen tar- 
trate, [Cl,Coen,]CO,*[CH-OH}],°CO,H, 2 grams of trans-dichloro- 
chloride dissolved in 10 c.c. of water were added to a solution of 
6 grams of sodium hydrogen tartrate in 50 c.c. of water, when the 
salt separated as a felted mass of emerald-green needles. The 
yield was 2°4 grams: 

0°1944 gave 0°0724 CoSO,. Co=14'17. 

03006 ,, 0°2068 AgCl. Cl=17°02. 

C,H,,0,N,Cl,Co,H,O requires Co=14°'14; Cl=17-00 per cent. 

The corresponding _ trans-dichlorodiethylenediaminecobaltic 
hydrogen meso-tartrate, [Cl,Coen,]CO,*[CH-OH],"CO,H, was pre- 

*It is not certain that this difference in the water of crystallisation is 
caused by washing with alcohol instead of with water, since the one compound 


was prepared in July and the other in October, when the humidity of the air 
was probably very different. Both the salts were dried in the air. 
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pared by adding a solution of 2°4 grams of mesotartaric acid * and 
1-4 grams of potassium hydrogen carbonate in 15 c.c. of water to 
1 gram of solid trans-dichloro-chloride. It forms an emeraia-green 
conglomerate of very small plates (?): 

0°2221 gave 0°0867 CoSO,. Co=14°87. 

0°2244 ,, 01616 AgCl. Cl=17°82. 

C,H,,0,N,Cl,Co requires Co=14°78; Cl=17°77 per cent. 

In thé preparation of glutaric acid-trans-dichlorodiethylene- 

diamine hydrogen glutarate, 

[Cl,Co en, }CO,*[CH,],*CO,H,[CH],(CO,H),, 

3 grams of glutaric acid, dissolved in 10 c.c. of water, were added 
to a solution of 3 grams of trans-dichloro-chloride in 15 c.c. of 
water. No precipitate was formed until after the addition of 1:2 
grams of sodium carbonate, when the additive compound separated 
in the form of dark, emerald-green, elongated plates. It was 
washed with water and alcohol, the yield being 2°2 grams: 

0°3498 gave 0°1058 CoSO,. Co=11°50. 

0°3477 ~,, 0°1923 AgCl. Cl=13°68. 

C,H s,0,N,Cl1,Co requires Co=11°48; Cl=13°82 per cent. 

An attempt was made to prepare the above salt, without using 
sodium carbonate, by evaporating on the water-bath a solution 
containing equal weights of the dichloro-chloride and acid. After 
turning red, the solution became green again on further concen- 
tration, but, on cooling, a mixture of green and violet salts crystal- 
lised out which could not be separated one from the other. Some 
violet salt still remained when the solution, after concentration on 
the water-bath, was heated at 120—130° for some hours. 

As has been stated in the introduction, the first additive com- 
pound obtained was thiodiacetie acid-trans-dichlorodiethylene- 
diaminecobaltic hydrogen thiodiacetate, 

[Cl,Co en,]CO,*CH,*S-CH,*CO,H,S(CH,°CO,H),. 

It is precipitated almost immediately when solutions of thiodiacetic 
acid and trans-dichloro-chloride are mixed. If 5 and 4 grams, 
respectively, of each of these compounds are dissolved in the least 
possible quantity of water and the solutions mixed, a 70—80 per 
cent. yield is obtained. The salt is generally washed with water 
after being collected ; it may, however, be washed thoroughly with 
alcohol and ether without altering its composition, a specimen of 
the pure salt (by analysis) after being thus washed having Co= 
10°55 per cent. As a matter of fact, it was first isolated by pre- 
cipitation from solution by means of alcohol (this vol., p. 1368). 
It crystallises in emerald-green plates: 

* We are greatly indebted to Dr. T. 8S. Patterson for the specimen of meso- 
tartaric acid used. 
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0°3056 gave 0°0861 CoSO,. Co=10°72. 

0°2903 ,, 01501 AgCl. Cl=12°79. 

0°2810 ,, 0°3816 S(CH,°CO,Ag)..* S=11°97. 

C,.H.;0,N,C1,8,Co requires Co=10°74; Cl=12°91; S=11°68 
per cent. 

The same salt is produced when sodium hydrogen thiodiacetate 
is used instead of thiodiacetic acid. A solution of 2 grams of 
trans-dichloro-chloride in 10 c.c. of water when mixed with 6 grams 
of thiodiacetic acid and 2°2 grams of sodium carbonate dissolved 
in 20 c.c. of water gave 3°5 grams of the additive compound 
(Co=10°58 per cent.), the filtrate being colourless. 

In an attempt to prepare the corresponding c?s-salt, 3°5 grams of 
the acid were dissolved in a solution of 3 grams of cis-dichloro- 
chloride in 75 c.c. of water. There was no immediate precipitate, 
but, on keeping, the solution gradually deposited crystals of the 
trans-additive salt (Co=10°51 per cent.). After collecting these 
crystals, the filtrate was evaporated on the water-bath; it became 
green when concentrated, and a further quantity of the trans- 
additive salt was obtained on cooling. 

When a solution of the frans-salt is treated with potassium 
iodide, a vivid green precipitate is obtained, consisting of a con- 
glomerate of very small tabular crystals. It was found to consist 
of trans-dichlorodiethylenediaminecobaltic iodide, [Cl,Coeng]I : 


0°3358 gave 0°1375 CoSO,. Co=15°57. 

02994 ,, 0°4086 AgCl+ Agl. 

C,H,,N,Cl,ICo requires Co=15°64 per cent., and 0°2994 should 
give 0°4142 AgCl + AglT. 

Thiodiacetic acid-trans-dibromodicthylenediaminecobaltie hydro- 
gen thiodiacetate, [Br Co en,|CO,*CH,°S*CH,*CO,H,S(CH,*CO,H)., 
could not be obtained as readily as the corresponding dichloro-com- 
pound, owing to the sparing solubility of the dibromo-bromide. In 
order to prepare it, 2 grams of the acid dibromo-bromide, 

1: 6[Br,Co en, |Br, HBr,2H,0, 
and 2 grams of thiodiacetic acid, were added to 20 c.c. of water, 
and the whole evaporated on the water-bath. The solution first 
became red, and then turned green again on further concentration. 
On cooling, the salt separated as a conglomerate of bright, pea- 
green crystals of indefinite shape: 


* The silver thiodiacetate was precipitated from the cold solution by means 
of silver nitrate. The slightly high percentage of sulphur obtained may be 
due to some silver chloride also being precipitated, since the solution slowly 
decomposes on keeping, with the formation of ionic chlorine. The fresh 
solution gives no trace of precipitate with silver nitrate in the presence of 
dilute nitric acid. 
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0°2506 gave 0°0603 CoSO,. Co=9°15. 
03017 ,, 01799 AgBr. Br=25-38. 
C,.H»,O,N,Br.8,Co requires Co=9°24; Br=25°05 per cent. 
Sulphonyldiacetic acid - trans -dichlorodiethylenediaminecobaltic 
hydrogen sulphonyldiacetate, 
[Cl,Co en, ]}CO,-CH,*SO,*CH,*CO,H,SO,(CH,*CO,H),,2H,O, 
was obtained as an emerald-green mass of very small plates when 
3 grams of sulphonyldiacetic acid were dissolved in a solution of 
2 grams of trans-dichloro-chloride in 15 c.c. of water. From more 
dilute solutions the same salt is obtained by evaporation on the 
water-bath : 


0°2850 gave 0°0689 CoSO,. Co=9-20. 

0°3054 =, 01347 AgCl. Cl=10°92. 

0°6279 lost 0°0352 H,O at 100° H,O=5°61. 

Cj2H2;0;.N,C1,8,Co,2H,O requires Co=9°09; Cl=10°92; 
H,O =5°56 per cent. 

To prepare thiodilactylic acid-trans-dichlorodiethylenediamine- 
cobaltie chloride, [C1,Co eng]Cl,S(CHMe-CO,H),, 2 grams of trans- 
dichloro-chloride dissolved in 10 c.c. of water were added to a solu- 
tion of 2°6 grams of thiodilactylic acid dissolved in 10 c.c. of 
water. There was no precipitate after keeping for three hours, 
but on concentrating the solution in a vacuum desiccator over 
calcium chloride, dark grass-green plates separated, which were 
washed with water and alcohol, the yield being 1°4 grams. In 
accordance with the formula given above, the aqueous solution con- 
tained ionic chlorine: 


0°3437 gave 0°1145 CoSO,. Co=12°67. 

0°2773 =~,, 0°2557 AgCl. Cl=22°81. 

CyoH2g0,N,Cl,8Co requires Co=12°72; Cl=22°94 per cent. 

No very satisfactory results could be obtained with acetone- 
dicarboxylic acid, probably owing to the instability of the acid and 
its salts. When 2 grams of the acid dissolved in 15 c.c. of water 
were added to a solution of 2 grams of trans-dichloro-chloride in 
10 c.c. of water, no precipitation occurred until after the addition 
of sodium carbonate (0°7 gram). The pale green precipitate was 
washed with water, and then kept for several hours over concen- 
trated sulphuric acid in a desiccator open to the air (compare the 
method of preserving acetonedicarboxylic acid itself. Pechmann, 
Annalen, 1891, 261, 151). Analysis then gave Co=11°93; Cl= 
14°24 per cent., whereas an additive salt of the formula 

[Cl,Co en, }CO,*CH,*CO-CH,*CO,H,CO(CH,"CO,H), 

requires Co=10°90; Cl=13°11 per cent. If the salt was kept ex- 
posed to ordinary air, it decomposed after a few hours, so that 
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probably in the open desiccator * it underwent slight decomposi- 
tion, whereby the percentage of cobalt and chlorine would increase. 
In fact, when kept in the desiccator over the week-end, the per- 
centages of cobalt and chlorine had risen to 12°84 and 17°80 
respectively. The freshly prepared moist salt contained no ionic 
chlorine, but salt which showed signs of decomposition contained 
ionic chlorine. If the salt, after collecting, was washed with 
alcohol and ether, the results were still more abnormal, and 
altogether inexplicable, the respective percentages of cobalt and 
chlorine being, in one case, for example, 11°57 and 16°56. The 
formula [Cl,Co en, |CO,-CH,*CO-CH,°CO,H requires Co= 14°93 and 
Cl=17°95 per cent. 
trans-Dichlorodiethylenediaminecobaltic hydrogen adipate, 
[Cl,Co en, ]Co,*[CH,],°CO.H, 

was obtained when 2 grams of trans-dichloro-chloride dissolved in 
10 c.c. of water were added to a solution of 2 grams of adipic acid 
and 0°7 gram of sodium carbonate in 20 c.c. of water. There was 
no precipitate on mixing, but on rubbing the sides of the beaker 
with a glass rod, the salt was obtained in dark, emerald-green 
square plates. The yield was 1°8 grams: 


0°3004 gave 0°1183 CoSO,. Co=14°98. 
0°3471 ,, 0°2518 AgCl. Cl=17°95. 
C,»H,;0,N,Cl,Co requires Co=14°92; Cl=17°95 per cent. 


When _ cis-dichloro-chloride was used instead of the trans- 
isomeride, the normal salt, cis-dichlorodiethylenediaminecobaltic 
adipate, [Cl,Coeng]|,[CO,],[CH,|,, was obtained in violet prisms 
with blunt ends. The yield was very small, only 0°2 gram being 
obtained from 2 grams of the cis-dichloro-chloride, dissolved in 
50 c.c. of water, 4 grams of adipic acid, and 1°4 (or 2°8) grams of 
sodium carbonate in 20 c.c. of water: 


0°0982 gave 0°0464 CoSO,. Co=17°97. 


071130 ,, 0°0990 AgCl. Cl=21°67. 
C,,HyO,N,Cl,Co, requires Co= 18°31; Cl=22°02 per cent. 


trans-Dichlor: diethylenediaminecobaltic hydrogen _— dithiodi- 
acetate, [Cl,Coen,|CO,*CH,°S8,°CH,°CO,H,H,O, was prepared by 
mixing solutions of 3 grams of trans-dichloro-chloride and 4 grams 
of dithiodiacetic acid, each in 15 c.c. of water. Only a small 
quantity of salt separated, but on adding a further quantity of 
3 grams of the acid, 2°5 grams of the compound were obtained in 
dark, emerald-green square plates: 


*It could not be preserved in a closed desiccator. Even in the open 
desiccator it could only be kept for a few days. 
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0°3591 gave 0°1253 CoSO,. .Co=13°27. 

0°2978 ,, 01187 AgCl. Cl=15°68. 

CgH,,0,N,C1,8,Co,H,O requires Co=13°13; Cl=15°79 per cent. 

In order to prepare trans-dichlorodiethylenediaminecobaltic 
hydrogen dithiodilactylate, 

[Cl,Co en, |CO,-CHMe:S,CHMe-CO,H,H,0, 

2 grams of trans-dichloro-chloride dissolved in 10 c.c. of water 
were added to a solution of 3 grams of dithiodilactylic acid* dis- 
solved in 20 c.c. of water. The salt separated immediately as a 
conglomerate of pale, emerald-green crystals of no definite shape. 
The yield was 2°8 grams: 


0°3584 gave 0°1193 CoSO,. Co=12°66. 

02985 ,, 01785 AgCl. Cl=14°79. 

C,9H,;0,N,C1,8,Co,H,O requires Co=12°36; Cl=14°85 per cent. 

Maleic acid - trans - dichlorodiethylenediaminecobaltic hydrogen 
maleate, [Cl,Coen,]CO,-CH:CH-CO,H,CO,H-CH:CH’CO,H, was 
obtained as a felted mass of emerald-green needles when 2 grams 
of trans-dichloro-chloride were dissolved in a solution of 2 grams 
of maleic acid in 15 c.c. of water. The yield, after washing with 
water and alcohol, was 0°8 gram: 

0°2603 gave 0°0838 CoSO,. Co=12°25. 

0°3043 4, O'1811 AgCl. Cl=14°72. 

C,.H,,;0,N,Cl,Co requires Co=12°26; Cl=14'74 per cent. 

From fumaric acid, only trans-dichlorodiethylenediaminecobaltic 
hydrogen fumarate, [Cl,Coen,|CO,,CH:CH:CO,H, could be 
obtained. It was precipitated in pale, emerald-green, irregular 
plates when 2 grams of trans-dichloro-chloride were dissolved in a 
solution of 4 grams of fumaric acid and 0°9 gram of sodium 
carbonate in 20 c.c. of water. The yield was 2°1 grams: 


0°3105 gave 0°1317 CoSQ,. 
02974 ,, 0°2330 AgCl. Cl=19°38. 
C,H,,0,N,Cl,Co requires Co=16°15; Cl=19°43 per cent. 


For the preparation of the salts of citraconic, mesaconic, and 
itaconic acids, the method of procedure was the same in each case, 
a solution of 2 grams of the acid and 0°8 gram of sodium carbonate 
dissolved in 10—15 c.c. of water being added to a solution of 


* The dithiodilactylic acid was obtained by the hydrolysis with hydro- 
chloric acid of the diethyl ester (compare Price and Twiss, T., 1908, 93, 
1651). The latter was obtained, on this occasion, by a method which has 
not been used before in this particular case, namely, by the action of 
hydrogen peroxide on the mixture resulting from the interaction of ethyl- 
a-bromopropionate and sodium thiosulphate (compare Twiss, T., 1914, 


105, 36). 
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2 grams of trans-dichloro-chloride dissolved in 10 c.c. of water. 
The yield in each preparation was 1°8—1°9 grams, in all cases the 
precipitate being washed with water only. In the case of citra- 
conic and itaconic acids, it was shown that no precipitate was 
obtained on merely mixing solutions of the acids and the dichloro- 
chloride ; the addition of sodium carbonate was necessary. Exactly 
the same citraconate was obtained when the proportions used were 
2 grams of the dichloro-chloride to 4 grams of citraconic acid and 
1°6 grams of sodium carbonate. 

trans-Dichlorodiethylenediaminecobaltic hydrogen  citraconate, 
[Cl,Co en,|CO,-CMe:CH-CO,H, separates as a conglomerate of 
emerald-green crystals: 

0°2541 gave 0°1045 CoSO,. Co=15°64. 

0°2230 ,, 01691 AgCl. Cl=18°76. 

trans-Dichlorodiethylenediaminecobaltic hydrogen mesaconate, 
[Cl,Co en, |CO,*CMe:CH-CO,H, crystallises in pale green plates: 

0°2491 gave 0°1015 CoSO,. Co=15°50. 

02181 ,, 0°1645 AgCl. Cl=18°66. 

trans-Dichlorodiethylenediaminecobaltic hydrogen  itaconate, 
[Cl,Co en, }CO,-CH,°C(:CH,)*CO,H, forms emerald-green needles 
with blunt ends: 

0°2261 gave 0°0927 CoSO,. Co=15°59. 

0°2314 ,, 01743 AgCl. Cl=18°64. 

For the above three salts, C)H,,O,N,Cl,Co requires Co=15°56; 
Cl=18°71 per cent. 

CHEMICAL DEPARTMENT, 


MuniorpaL TECHNICAL SCHOOL, 
BIRMINGHAM. [Received, November 4th, 1915.] 


CLXXXIX.—Contribution to Our Knowledge of the 
Semicarbazones. Part V. Semicarbazones of 
Benzaldehyde and Some of its Substitution 
Products. 


By James ALEXANDER RusseLL HENDERSON and 
Istipor Morris HEILBRon. 


Tue results recorded in this paper form a continuation of a series 
of papers on the semicarbazones (T., 1912, 101, 1482; 1913, 103, 
377, 1504; 1914, 105, 2892). The semicarbazones now described 
are those of benzaldehyde and some of its substitution products. 
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Several of the compounds have already been prepared, but. some 
are now described for the first time. The study of the compounds 
has been along two lines, (1) the formation of salts with dry 
hydrogen chloride, and (2) a spectrographic examination of the 
semicarbazones. Some interesting results have been obtained, and 
it is thought that these results are worth being recorded. 

Action of Dry Hydrogen Chloride on the Semicarbazones.— 
When dry hydrogen chloride is passed over the semicarbazones, it 
is absorbed, and salts are formed which are unstable and readily 
give up hydrogen chloride on exposure to the air. When the semi- 
carbazone contains one or more hydroxyl or methoxyl groups, two 
molecular proportions of hydrogen chloride are absorbed and 
deeply coloured salts are formed. Thus, the semicarbazones of 
salicylaldehyde, o-methoxy-, phydroxy-, and pmethoxy-benz- 
aldehydes, vanillin, and veratraldehyde, which are colourless, 
absorb two molecular proportions of hydrogen chloride, with the 
formation of yellow or orange salts. Similarly, piperonalsemi- 
carbazone, which contains a methylene group replacing the 
hydrogen atoms of two hydroxyl radicles, is white, but combines 
with two molecular proportions of hydrogen chloride, with the 
production of an orange-red salt. When the semicarbazone con- 
tains a strongly electronegative substituent, for example, chlorine 
or nitroxyl, only one molecular proportion of hydrogen chloride is 
absorbed, and the salt which is formed has little ux no colour. 
Thus, the semicarbazones of the three chlorobenzaldehydes are 
white ; they all combine with one molecular proportion of hydrogen 
chloride, and the salts which are formed have very little colour— 
only in the case of the para-compound is there a pale yellow colour 
produced. Again, with the semicarbazones of the three nitrobenz- 
aldehydes, which are yellow, only one molecular proportion of 
hydrogen chloride is absorbed, and the salts which are formed have 
lost their original colour; the salts of the ortho- and meta-com- 
pounds are almost white, and that of the para-compound is pale 
pink. 

In order to study the effect of the nature of the radicle on the 
amount of hydrogen chloride which combines with the semi- 
carbazones, the acetyl, benzoyl, and pnitrobenzoyl derivatives of 
salicylaldehydesemicarbazone were prepared and examined. It 
was found that the introduction of the acetyl and benzoyl groups 
does not inhibit the addition of two molecular proportions of 
hydrogen chloride ; the salts formed were coloured. However, the 
introduction of the nitrobenzoyl group was at once apparent, and 
only one molecular proportion of hydrogen chloride was absorbed, 
and the salt had the same colour as the semicarbazone. 
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No definite result could be obtained in the case of »dimethyl- 
aminobenzaldehydesemicarbazone, as the salt fused and showed 
signs of decomposition. It combined with nearly four molecular 
proportions of hydrogen chloride. 

p-Tolualdehydesemicarbazone combined with more than one and 
a-half molecular proportions of hydrogen chloride, and the product 
was yellow. A definite result was not obtained, as the salt sintered 
badly. 

Isomerides.—All these semicarbazones should theoretically exist 
in two forms: 

RCH 4 R:'CH 
N-NH-Co-NH, °° NH,-CO-NH-N 
Evidence was obtained that, in addition to the stable form, small 
quantities of an unstable form were also produced in certain cases. 
It was observed during the preparation of the semicarbazones that 
whilst the bulk of the precipitated compound was white, there 
was in several cases a yellow substance formed at the same time. 
It might be supposed that the yellow form was due to the forma- 
tion of the hydrochloride of the semicarbazone; but this supposi- 
tion must be ruled out, as it has been found that the coloured 
salts of the semicarbazones with hydrogen chloride are immedi- 
ately decomposed by water. Also in the two cases of anisaldehyde- 
semicarbazone and o-chlorobenzaldehydesemicarbazone it was 
possible to isolate in the crystalline state very small quantities of 
yellow substances melting at a much lower temperature than the 
stable white forms. As a rule, it was found that repeated crystal- 
lisation of the coloured substance give rise only to the colourless 
form. In the case of pdimethylaminobenzaldehydesemicarbazone, 
it was found that the compound when first precipitated was deep 
red, and that repeated crystallisation give rise to the white form 
only. This red form is not the hydrochloride, which is yellowish- 
green. In several cases it was attempted to prepare the isomerides 
by exposure to the action of ultra-violet light, but without 

success. 

Spectrographic Examinations.—All the compounds described in 
the experimental part have been examined spectrographically in 
alcoholic solution, in sodium ethoxide, and in concentrated 
sulphuric acid. (The sulphuric acid used was that sold as being 
free from arsenic, and was exceedingly diactinic.) The results of 
this examination are described below. 

Benzaldehydesemicarbazone.—The alcoholic solution shows 4 
band in V/10,000-solution, with its head at 1/A 3500; the addition 
of sodium ethoxide produces no change in the position of the band, 
but causes a slight shift towards the red in the upper part of the 
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curve. In concentrated sulphuric acid there is a deep band in 
N/10,000-solution at 1/A 3300. 

p-Tolwaldehydesemicarbazone.—The general appearance of the 
curves is very similar to those found in the case of the preceding 
compound. 

Salicylaldehydesemicarbazone and o-Methoxybenzaldehydesemi- 
carbazone.—In solution in alcohol, these two compounds give 
identical absorption curves, showing two bands in WV/10,000- 
solution at 1/3150 and 1/A 3600 respectively. The curves in con- 
centrated sulphuric acid are also identical and show two bands, one 
in V/1000-solution at 1/A 2600 and the other in V/10,000-solution 
at 1/A 3400. When excess of sodium ethoxide is added to the 
alcoholic solutions, a difference is found in the absorption spectra 
of the two compounds. In the former, which contains a hydroxyl 
group, the effect of the sodium ethoxide is to cause a shift towards 
the red in the position of one of the bands, which now appear at 
1/A 2800 and 1/A 3600 in WV/10,000-solution. This shift in the 
position of the band does not occur with the second compound, in 
which the hydrogen of the hydroxyl group is replaced by methyl. 
This difference in the action of sodium ethoxide on the hydroxy- 
compound and the corresponding methyl derivative is also observed 
in the case of other pairs of such compounds. 

p-Hydroxybenzaldehydesemicarbazone and pMethoxybenz- 
aldehydesemicarbazone give similar bands in alcohol and in 
sulphuric acid. In alcohol the band is at 1/A 3500 in W/10,000- 
solution, and in sulphuric acid at 1/A 2900 at the same concentra- 
tion. Sodium ethoxide shifts the position of the band to 1/A 3200 
in the case of the hydroxy-compound. 

Vanillinsemicarbazone, veratraldehydesemicarbazone, and 
piperonalsemicarbazone all show two shallow bands in alcoholic 
solution at 1/A 3200 and 1/A 3500 in W/10,000-solution. In con- 
centrated sulphuric acid, the three compounds give a deep band at 
1/A 2800 in V/10,000-solution. The addition of sodium ethoxide 
to the alcoholic solution causes a change in the position of the band 
only in the case of the first compound ; in the other two compounds 
there is merely a slight shift to the red in the upper part of the 
curves. 

2-Hydroxy-m-methoxybenzaldehydesemicarbazone and 2:3-di- 
methoxybenzaldehydesemicarbazone have similar bands in alcohol 
and in sulphuric acid. The alcoholic solutions show a band at 
1/A 3500 in V/10,000-solution, and the sulphuric acid solutions 
give two bands, one at 1/A 2300 in 4¥/1000- and the other at 
1/4 3200 in WV /10,000-solution. The addition of sodium ethoxide 
to the alcoholic solution causes a change in the case of the hydroxy- 
VOL CVIL. 5 1 
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compound only. Two bands are shown, one at 1/\ 2700 and the 
other at 1/A 3500, both in V/10,000-solution. 

The semicarbazones of the three chlorobenzaldehydes all give 
very similar absorption curves. In alcohol, all have a band at 
1/A 3500 in W/10,000-solution. In concentrated sulphuric acid, 
the ortho- and meta-compounds have a band at 1/A 3300 in 
NV /10,000-solution, but the band is not so deep in the meta-com- 
pound as in the ortho-compound ; the para-compound has a band 
at 1/A 3150, and this band is narrower than in the case of the - 
ortho- and meta-compounds. The addition of sodium ethoxide to 
the alcoholic solution does not cause a change in the position of 
the band, but shifts the upper part of the curves a little towards 
the red. 

The Semicarbazones of the Three Nitrobenzaldehydes.—The 
ortho- and meta-compounds in alcoholic solution show one band at 
1/A 3500 in WV /10,000-solution, whilst the para-compound has a 
band at 1/A 3100. The addition of sodium ethoxide causes a 
large shift in the position of the upper parts of the curves in 
NV /1000-solution, but has little effect on the position of the bands. 
It was found that there was a deviation from Beer’s law. The 
solutions on concentrated sulphuric acid were without visible 
colour ; the ortho-compound has a shallow band at 1/A 3200; the 
meta-compound shows the beginning of a band, and then a cut- 
out; the para-compound gives a well-defined band at 1/A 3600; in 
the last case there is a displacement towards the ultra-violet end 
of the spectrum. 

p-Dimethylaminobenzaldehydesemicarbazone.—This | compound 
revealed some interesting results. In alcoholic solution, the posi- 
tion of the band is at 1/A 3100 and in sulphuric acid at 1/A 3500 
in W/10,000-solution. The. addition of sodium ethoxide to the 
alcoholic solution does not produce any change in the curve. The 
position of these bands is the same as those of »hydroxybenz- 
aldehydesemicarbazone in alcohol plus sodium ethoxide and in 
alcohol respectively. Evidently the strongly electropositive group, 
NMe,, has the same effect on the position of the band as the group 
ONa; the sulphuric acid neutralises the effect of the dimethyl 
amino-group, and the position of the band is then the same as 
that of »hydroxybenzaldehydesemicarbazone in alcohol. 

The acetyl-, benzoyl-, and pnitrobenzoyl derivatives of salicyl- 
aldehydesemicarbazone are similar to one another; they all give 
one band in alcoholic solution at 1/A 3500 in V/10,000-solution ; 
the bands given in sodium ethoxide solution are the same as those 
of salicylaldehydesemicarbazone in sodium ethoxide. The addition 
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of sodium ethoxide to the alcoholic solution thus causes hydrolysis 
and eliminates the acyl group. 


General Conclusions. 


With two exceptions, all the compounds examined showed a band 
in V/10,000-alcoholic solution at about 1/A 3500; the exceptions 
are pdimethylaminobenzaldehydesemicarbazone and #nitrobenz- 
aldehydesemicarbazone. 

The results show that when there is a hydroxyl group present in 
the compound, the addition of sodium ethoxide causes a shift in 
the position of the absorption band towards the red. This is found 
in the case of the semicarbazones of o- and phydroxybenzaldehyde, 
vanillin, and 2-hydroxy-m-methoxybenzaldehyde. When _ the 
hydrogen of the hydroxy! group is displaced by methyl, the addi- 
tion of sodium ethoxide does not cause this change in the position 
of the band; for example, the curves for the semicarbazones of 
o- and pmethoxybenzaldehyde, veratraldehyde, etc., in sodium 
ethoxide are the same as in alcohol. 

The absorption curve for pdimethylaminobenzaldehydesemi- 
carbazone in alcoholic solution is the same as that of »hydroxy- 
benzaldehydesemicarbazone in sodium ethoxide. 

In the case of the acyl derivatives of salicylaldehydesemi- 
carbazone, the action of sodium ethoxide is to cause hydrolysis. 

The curves obtained for the semicarbazones of salicylaldehyde and 
its methoxy-derivative, and also for 2-hydroxy-m-methoxybenzalde- 
hyde and its methoxy-derivative, all show a band in concentrated 
sulphuric acid at about 1/A 2600 which is wanting in the other 
curves. In these four cases, the hydroxyl or methoxyl group is in 
the ortho-position with respect to the semicarbazone group. 


EXxPERIMENTAL. 


The semicarbazones used in this investigation were all prepared 
in the usual way by adding an aqueous solution of the requisite 
quantities of semicarbazide hydrochloride and potassium acetate 
to an alcoholic solution of the aldehyde; after allowing to remain 
overnight, the product was collected, washed with water, and 
purified by crystallisation from alcohol or other solvent until a 
constant melting point was obtained. 

The hydrochlorides were prepared by passing dry hydrogen 
chloride over the semicarbazone contained in a U-tube until there 
was no further increase in weight on continued passage of the gas. 
The results were calculated in the manner indicated by Wilson, 
Heilbron and Sutherland (T., 1914, 105, 2895). 
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p-Tolylaldehydesemicarbazone Hydrochloride. 


0°1405 semicarbazone gave 0°1850 hydrochloride. HCl added= 
24°05. 
C,H,,ON;,14HCI requires HCl added =23°6 per cent. 

The salt was yellow, and on exposure to air it rapidly lost 
hydrogen chloride. No definite result could be obtained, owing to 
the sintering of the product during the addition of the hydrogen 
chloride. 


Salicylaldehydesemicarbazone Dihydrochloride. 


0°6219 semicarbazone gave 0°8860 hydrochloride. HCl added= 
29°8. 
C,H,O,N3;,2HCl requires HCl added = 28°9 per cent. 

The salt was yellow, and unstable in air. 

Monosulphate.—This was prepared by stirring the semicarbazone 
with cold, concentrated sulphuric acid, the whole being cooled by 
means of ice. Dry ether was then added, and the solid obtained 
was collected, washed free from excess of acid with dry ether, and 
dried on a porous tile. The analysis was carried out by treating 


a known quantity with excess of V/20-sodium hydroxide, heating 
on the water-bath for ten minutes, and titrating the residual alkali 
with WV /20-acid : 
0°0900 required 12°7 c.c. V/20-NaOH. H,SO,=34°57. 
C,H,O.N;,H,SO, requires H,SO,=35°4 per cent. 
The straw-yellow salt decomposed at 150°, and was fairly stable 
in air. 


o-M ethorybenzaldehydesemicarbazone, 
OMe:C,H,-CH:N-NH-CO-NH,. 
This compound was obtained in colourless needles, melting and 
decomposing at 215°: 


0°1526 gave 28°2 c.c. N, at 17°5° and 767 mm. N=21°58. 
C,H,,0,.N, requires N=21'76 per cent. 


Dihydrochloride. 
0°3738 semicarbazone gave 0°5132 hydrochloride. HCl added= 
27°2. 
C,H,,O,N3,2HCl requires HCl added =27'4 per cent. 
The dark orange salt was fairly stable in air. 
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p-Hydroxybenzaldehydesemicarbazone. 


Borsche and Bolser (Ber., 1901, 34, 2098) described this com- 
pound as a yellow, crystalline powder, melting at 223—225°; 
Knépfer (Monatsh., 1910, 31, 72) stated that it is white and melts 
at 218°. 

When the components were mixed, a precipitate began to form 
immediately, the bulk of which was colourless, but part of it was 
yellow. The addition of water to the filtrate gave a further pre- 
cipitate of a yellow substance. These two precipitates were worked 
up separately, but crystallisation of each from boiling alcohol gave 
only colourless needles, which melted and decomposed at 222°. If 
the yellow substance is the theoretically possible isomeride, it is 
unstable, for on crystallisation it passes into the stable, colourless 
form. 


Dihydrochloride. 


0°2485 semicarbazone gave 0°3458 hydrochloride. HCl added = 
28°12. 
C,H,O.N;,2HCl requires HCl added=28°9 per cent. 

The salt is yellow and unstable. 


Monosulphate. 

0°0880 required 12°5 c.c. V/20-NaOH. H,SO,=34°8. 
C,H,O.N;,H.SO, requires H,SO,=35°4 per cent. 

The salt is yellow. 


p-Methorybenzaldehydesemicarbazone. 


Walbaum (J. pr. Chem., 1903, [ii], 68, 247) and Knépfer (loc. 
cit.) give the melting point as 203—204°. As in the case of the 
previous compound, we obtained a mixture of colourless and yellow 
forms. By means of acetone, we were able to separate the yellow 
form from the colourless, the yellow modification being quite soluble 
in acetone, whilst the colourless form is only sparingly soluble in 
acetone. The yellow form was obtained in small, transparent, 
yellow prisms, melting sharply at 168°, but the quantity was too 
small to allow of further investigation. After all the yellow form 
had been removed, the residue was crystallised from boiling alcohol, H 
and obtained in colourless needles, melting and decomposing at 
209° : 

01616 gave 20°3 c.c. N, at 19° and 766 mm. N=21°73. 
C,H,,0.N, requires N=21°76 per cent. 
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Dihydrochloride. 


0°1677 semicarbazone gave 0°2324 hydrochloride. HCl added= 
27°84. 
C,H,,0,N;,2HCl requires HCl added=27'4 per cent. 
The orange-yellow salt was unstable in air. It fused during its 
preparation. 


Monosulphate. 


0°1033 required 14 c.c. V/20-NaOH. H,SO,=33°2. 
C,)H,,0,N;,H,SO, requires H,SO,=33°7 per cent. 

The mustard-yellow salt decomposed at 152°, and was stable in 
air. 

An experiment was made with a view to ascertain if the 
sulphate would absorb hydrogen chloride. After passing the gas 
for four days over a weighed quantity of the sulphate in a U-tube, 
there was no increase in weight; the colour had not altered, and 
the decomposition point remained at 152°. 


Vahillinsemicarbazone Dihydrochloride. 


0°1721 semicarbazone gave 0°2320 hydrochloride. HCl added = 
25°82. 
C,H,,0;N;,2HCl requires HC] added = 25°88 per cent. 

The orange-yellow salt was very unstable in air; it began to 
sinter at 40°, and decomposed at 78°. When placed on a porous 
tile and exposed to air, it melted to a dark red liquid, and then 
dried to a pale yellow solid. 


Veratraldehydesemicarbazone Dihydrochloride. 


0°2666 semicarbazone gave 0°3549 hydrochloride. HCl added= 
24°88. 
CyoH,30;N3,2HCl requires HCl] added= 24°66 per cent. 
The dark, orange-yellow salt was unstable in air. It began to 
melt at 90°, and decomposed at 130°. 


Piperonalsemicarbazone Dihydrochloride. 


0°1084 semicarbazone gave 0°1477 hydrochloride. HCl added= 
26°61. 
C,H,O,N;,2HCl requires HCl added = 26°06 per cent. 
The deep orange-red salt began to decompose at 110°. It gave 
off hydrogen chloride on exposure to air, and turned yellow. 
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2-Hydroxy-m-methoxybenzaldehydesemicarbazone. 


This compound forms colourless needles, melting and decom- 
posing at 225°: 
0°140 gave 23°8 c.c. N, at 12° and 758 mm. N=20°13. 
C,H,,0,N, requires N = 20°09 per cent. 


Dihydrochloride. 


0°1092 semicarbazone gave 0°1468 hydrochloride. HCl added= 
25°82. 
C,H,,0;N;,2HCl requires HCl added = 25°88 per cent. 
The yellow salt was unstable in air, and melted and decomposed 
at 158°. 


2 :3-Dimethoxrybenzaldehydesemicarbazone. 


This formed white needles, melting and decomposing at 231°: 
0°1535 gave 24°6 c.c. N, at 13° and 758 mm. N=18°89. 
CioH,,0,N, requires N=18°83 per cent. 


Dihydrochloride. 


0°2064 semicarbazone gave 0°2683 hydrochloride. HCl added= 
23°06. 
Cy9H,30;N3.2HCl requires HCl added= 24°66 per cent. 

The dirty yellow salt sintered during its preparation. 


Chlorobenzaldehydesemicarbazones. 


These semicarbazones have been described by Law and Perkin 
(T., 1908, 93, 1636), who state that the compounds are insoluble 
in all organic solvents except pyridine and glacial acetic acid. We 
crystallised them from boiling methyl alcohol, in which they are 
sparingly soluble; we also find slight differences in the melting 
points: 

M.p. 
L. and P. 
225—226° 229-230° 


230° 
232-233° 


We obtained the ortho- and meta-compounds as white, feathery 
leaflets, and the para- in white, felted needles. In the case of the 
ortho-compound, by solution in acetone we were able to isolate a 
small quantity of a yellow form, which occurred as yellow, trans- 
parent prisms, melting at 146°. The amount obtained was not 
sufficient to allow of further examination. 
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Hydrochlorides. 


Ortho-, 0°2142 semicarbazone gave 0°2560 hydrochloride. HC! 
added = 16°32. 

The cream-coloured salt was unstable in air, and decomposed at 

203°. 

Meta-, 0°1698 semicarbazone gave 0°2015 hydrochloride. HCl 
added = 15°73. 

The colourless salt was unstable, and decomposed at 198°. 

Para-, 0°2698 semicarbazone gave 0°3217 hydrochloride. HC! 
added = 16°13. 
C,H,ON,CI1,HCl requires HCl added=15°6 per cent. 


The pale yellow salt was unstable, and decomposed at 182°. 


Nitrobenzaldehydesemicarbazones. 


Thiele and Stange (Annalen, 1894, 283, 25) have described these 
compounds. The melting point of the para-compound was found to 
be 211°, whereas the above authors give 221°. (Found, N =27'15. 
Calc., N= 26°92 per cent.) 


Hydrochlorides. 


Ortho-, 0°1066 semicarbazone gave 0°1269 hydrochloride. HC! 

added =14'4. 

The cream-coloured salt was unstable in air, in which the original 
colour of the semicarbazone was soon regained. It decomposed at 
212°. 

Meta-, 0°1092 semicarbazone gave 0°1284 hydrochloride. HCl 

added = 14°95. 

The cream-coloured salt was unstable in air, and decomposed at 
222°. 

Para-, 0°1434 semicarbazone gave 0°1680 hydrochloride. HCl 


added = 14°64. 
C,H,O,N,,HCI requires HCl added=14°92 per cent. 


The pink salt was fairly stable in air, and was not decomposed 
at 275°. 


o-A cetorybenzaldehydesemicarbazone. 
This was crystallised from acetone, and obtained as a colourless, 
granular powder, melting at 167°: 


0°1318 gave 21°3 c.c. N, at 10° and 745 mm. N=18°89. 
C,)H,,O,N; requires N=19°00 per cent, 
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Dihydrochloride. 


0°1058 semicarbazone gave 0°1408 hydrochloride. HCl added= 
24°8. 
Ci9H,,03N3,2HCl requires HCl] added =24°9 per cent. 
The dark yellow salt was unstable in air. It sintered during its 
prepafation. 


o-Benzoyloxybenzaldehydesemicarbazone. 
This crystallised from alcohol in colourless needles, melting and 
decomposing at 195—196°: : 
0°1500 gave 18°6 c.c. N, at 10° and 756 mm. N=14'76. 
C,;H,,;0,N; requires N=14°84 per cent. 


Dihydrochloride. 


0°1801 semicarbazone gave 0°2280 hydrochloride. HCl added= 
21°01. 
C,;H,30,;N3,2HCl requires HCl added=20°5 per cent. 

The cream-coloured salt was unstable in air. 


2-p-Nitrobenzoyloxybenzaldehyde. 


This was prepared by the action of pnitrobenzoylchloride on 
salicylaldehyde in pyridine solution. The compound after purifi- 
cation formed pale yellow, transparent leaflets, melting at 128°: 

0°1985 gave 87 c.c. N, at 12° and 736 mm. N=5'04. 

C,,H,O;N requires N=5'16 per cent. 

The semicarbazone crystallised from alcohol in pale yellow 
needles, melting and decomposing at 218°: 

0°1384 gave 20°0 c.c. N, at 11° and 753 mm. N=17'll. 

C,;H,,0;N, requires N=17'07 per cent. 


Monohydrochloride. 


0°1416 semicarbazone gave 0°1576 hydrochloride. HCl added= 


10°15. 
C,;H,,0;N,,HCl requires HCl added=10°01 per cent. 


There was no change in the colour on adding hydrogen chloride. 
The salt was unstable in air. 


p-Dimethylaminobenzaldehydesemicarbazone Hydrochloride. 


0°0806 semicarbazone gave 0°1335 hydrochloride. HCl added= 
39°6. 
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0°0926 semicarbazone gave 0°1503 hydrochloride. HCl added= 
38°4. 
Cj9H,,ON,,3HCI requires HCl added=34'7 per cent. 
C,)H,,ON,,4HCl » i we |) 

No definite result could be obtained, as the additive product 
was fused and showed signs of decomposition. It was greenish- 
yellow, and very unstable. ; 

The results obtained for the formation of the hydrochlorides are 
collected in the following table: 


Molecules Colour of Stability of 
of HCl additive additive 
Semicarbazone investigated. added. product. product. 


Benzaldehyde 1 grey fairly stable 
More than 1. | ) 
p-Tolualdehyde No definite j yellow | unstable 


| result. 
Salicylaldehyde 
o-Methoxybenzaldehyde 
p-Hydroxybenzaldehyde 
p-Methoxybenzaldehyde 
Vanillin 
Veratraldehyde 
Piperonal 
2-Hydroxy-m-methoxybenzaldehyde 
2 : 3-Dimethoxybenzaldehyde 
o-Chlorobenzaldehyde 
m-Chlorobenzaldehyde ..............- 
p-Chlorobenzaldehyde 
o-Nitrobenzaldehyde 
m-Nitrobenzaldehyde 
p-Nitrobenzaldehyde 
o-Acetoxybenzaldehyde 
o-Benzoyloxybenzaldehyde 
2-p-Nitrobenzoyloxybenzaldehyde. 


orange fairly stable. 
yellow unstable. 
orange-yellow " 

9 very unstable. 
darkorange unstable. 
ccenaoand o 

yellow 


bo bo bo bo bo bo 


toto 


cream 
white 
pale yellow 


fairly stable. 
dark yellow unstable. 
cream a 
No change a 
in colour 
More than 3 / yellowish- { very 
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p-Dimethylaminobenzaldehyde 


Indefinite \ green unstable. 
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CXC.—A Decomposition of Certain o-Nitromandelic 
Acids. 


By Gertrupe Mavup Rosinson and Rosert Rosinson. 


In a previous communication (T., 1914, 105, 1466) the authors 
described a convenient procedure for the preparation of 6-nitro- 
3:4-methylenedioxymandelic acid (I), and noted that this sub- 
stance, on boiling with nitrobenzene, suffered decomposition, with 
loss of carbon dioxide, water, and nitrogen, and the production of 
a chocolate-coloured compound, which crystallised from the nitro- 
benzene and appeared to possess the composition Cy:H» 0,,No. 
This formula was deduced from a number of concordant analyses 
of different specimens, but as we were unable to assign a structure 
to the substance, it was considered desirable to institute further 
experiments, and, in the first place, the analogous decomposition 
of 6-nitro-3 :4-dimethoxymandelic acid (II, p. 1755) by heat was 
investigated. On boiling the nitrobenzene solution of this acid, a 
vigorous reaction ensued, and again water and carbon dioxide 
(but no nitrogen) were produced, along with a bright red, crystal- 
line substance, the investigation of which proved it to be 
4:5:4':5/tetramethoxyazobenzene-2 :2/-dicarboxylic acid (III). 

Ultimately a method was devised by the use of which we were 
able to isolate from the chocolate-coloured mixture, already men- 
tioned, a brick-red acid, which consists of pure 4:5:4/:5/- 
dimethylenetetraoxyazobenzene-2 : 2'-dicarboxylic acid (IV). 

/ \OH(OH)-CO,H McO/ \CH(OH)-CO,H 
CH< JNO y MeO. NO ; 
Bi tt i eaear Ss 2 
(II ) 
CO,H CO,H 


The reactions involved in the production of these azo-acids may 
be represented as follows: 

oH (0n)-0,H as o0,H +C02+H 0 00st 0,07 

; ° > ° 

hil yi i \ 
and the facility with which the process may be accomplished is 
doubtless due to the fact that the nitro-group supplies precisely 
the correct amount of oxygen to oxidise the side-chain to carboxy]. 

When the acid III (IV behaves similarly) is allowed to react 

51* 2 


> 
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with concentrated nitric acid, the carboxyl groups are displaced 
by nitro-groups, with the production of the neutral 2: 2/-dinitro- 
4:5:4/:5/+tetramethoxyazobenzene (V), and the latter, in its turn, 
on reduction in acid solution, furnishes 4: 5-diaminoveratrole, 
isolated in the form of its condensation product with phenanthra- 
quinone. In a quantitative experiment, the dimethoxyphenanthra- 
phenazine of correct melting point was obtained in a yield of 
65 per cent. of the theoretical amount, calculated on the assump- 
tion that each molecule of the supposed dinitroazo-compound gives 
rise to two molecules of the azine derivative. Taken in conjunc- 
tion with the analytical data, these facts demonstrate the constitu- 
tion of the original acid ITI. 

On nitration in acetic acid solution, azoveratrole (VI) yields a 
dinitro-derivative, which is changed by reduction processes into 
4:5-diaminoveratrole only, and to which, therefore, the formula 
V must be ascribed. This dinitroazoveratrole should accordingly 
be identical with the product of nitration of the acid III, and, so 
far as our observations go, the two substances are identical in every 
respect except colour, specimens obtained from the acid crystal- 
lising from nitrobenzene in deep red needles, whilst, when obtained 
from azoveratrole, the compound separates from the same solvent 
in orange needles. The streaks on paper are distinct and the 
separate colours are preserved after the two substances are dis- 
solved in sulphuric acid, recovered by dilution with water, and 
recrystallised. In view of the fact, however, that the two speci- 
mens melt alone, or when intimately mixed, at the same tempera- 
ture, we regard them as consisting of the same substance, and the 
anomalous colour of one of them as due to a small proportion of 
a probably isomorphous impurity. There is a possibility of cis- 
trans-isomerism, but, in this case, such isomerides would become 
identical in sulphuric acid solution, owing to one of the catechol 
nuclei assuming the quinonoid or other more labile condition. 


NO, NO, 


/ Nn: y 4 Nnind 
MeO > : , Me0¢ De. re 
MeU OMe MeV OMe 
(V.) (VI.) 
6-Nitrohomopiperony] chloride (VII) is changed in boiling nitro- 
benzene to the azo-acid (IV) and hydrogen chloride, whilst, with 
alcoholic potassium hydroxide, it is changed to the stilbene deriv- 


ative VIII. 


om OM ‘CB: oH-/” No 


O, 
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ExPERIMENTAL. 
6-Nitro-3 :4-dimethoxymandelic Acid (II). 


6-Nitroveratraldehyde (44 grams) was mixed with acetic acid 
(350 c.c.), and powdered potassium cyanide (50 grams) gradually 
added, with careful cooling. The mixture was allowed to remain 
at the room temperature during three days, in the course of which 
the aldehyde passed into solution and the cyanohydrin separated 
in colourless prisms. Water was added, the pale yellow, crystal- 
line precipitate collected and heated on the steam-bath with con- 
centrated hydrochloric acid (200 c.c.) until complete solution 
resulted. After the addition of two volumes of water, the cooled 
liquid deposited green crystals, which, after drying in the air 
in the dark, weighed 36 grams. For purposes of analysis, a speci- 
men was recrystallised several times from water and obtained in 
pale yellow needles, melting and decomposing at 169—172°: 

0°1205 gave 0°2067 CO, and 0°0443 H,O. C=46°8; H=4'l. 

C,)H,,0;N requires C=46'7; H=4°3 per cent. 

The acid is sparingly soluble in benzene, chloroform, ether, or 
ethyl acetate, but dissolves more readily in acetic acid, alcohol, or 
water. 


4:5:4':5/-Tetramethoryazobenzene-2 : 2!-dicarboxylic Acid (III). 


A mixture of the foregoing nitrodimethoxymandelic acid (10 
grams) and nitrobenzene (50 c.c.) was heated until the vigorous 
reaction commenced, and this was then allowed to proceed without 
further heating. The crystalline product separated while the 
liquid was hot, and a semi-solid mass resulted. The product was 
collected, washed with alcohol, and boiled with a relatively large 
volume of acetic acid. The greater portion of the substance re- 
mained undissolved, and was sufficiently pure for most experiments, 
but the filtered solution deposited, on cooling, glistening leaflets 
resembling hematite in lustre and colour. These were collected, 
washed, and dried at 100°: 

0°1244 gave 0°2540 CO, and 0°0528 H,O. C=55'7; H=4°7. 

071295 ,, 90 cc. Ny at 25° and 758 mm. N=7°6. 

CigH,,0,N, requires C=55°4; H=46; N=7°2 per cent. 
0°2679 Dissolved in 30 c.c. of V/10-sodium hydroxide required 
the addition of 17°4 c.c. of W/10-hydrochloric acid to produce a 
permanent precipitate. This was redissolved by the addition of 
11 c.c. of V/10-sodium hydroxide, so that 0°0548 NaOH was required 
for neutralisation. This amount of a dibasic aeid, C,,H,.O,No, 
requires 0°0550 NaOH for neutralisation. 
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The substance melts and decomposes at 274°, and dissolves 
readily in aqueous sodium carbonate to a brownish-yellow solution. 
It is very sparingly soluble in organic solvents, with the exception 
of hot nitrobenzene. The smallest visible amount of the com- 
pound dissolved in concentrated sulphuric acid yields a fine royal 


blue solution. 
Azoveratrole (VI). 


This substance was prepared by a modification of Kauffmann 
and Kugel’s method (Ber., 1911, 44, 2388), who state that the 
substance melts at 163°. In our experience, the product of 
approximately this melting point is contaminated with nitro- 
veratrole, and does not give satisfactory figures on analysis. The 
compound was obtained in a pure condition by recrystallisation 
from ethyl acetate, and occurs as glistening orange prisms, melt- 
ing at 182°: 

0°1251 gave 0°2897 CO, and 0°0667 H,O. C=63°2; H=5°9. 

C,¢H,s0,N. requires C=63°6; H=5'9 per cent. 


2: 2'-Dinitro-4 :5:4!:5!-tetramethoxyazobenzene (V). 


A. Azoveratrole (5 grams) in acetic acid (50 c.c.) was nitrated 
by the addition of nitric acid (15 c.c., D 1°42) dissolved in acetic 
acid (50 c.c.), the mixture being cooled if necessary. The magenta 
solution at first produced soon disappeared, and a greenish-yellow, 
crystalline precipitate was obtained. This was collected and 
washed with alcohol, which changed its colour to orange, and after 
drying it was recrystallised from nitrobenzene, separating in 
orange needles, melting at 283°. Further crystallisation raised 
the melting point to 315°, the substance also decomposing at this 
temperature : 

0°1228 gave 0°2214 CO, and 0°0484 H,O. C=492; H=4°3. 

CisHyO,N, requires C=49°0; H=4'l per cent. 

B. 4:5:4/:5/-Tetramethoxyazobenzene-2 : 2/-dicarboxylic acid was 
triturated with ten times its weight of nitric acid (D 1°45). The 
purple colour at first produced gradually faded, the acid dis- 
appeared, and a red substance separated. After leaving over- 
night, water was added, and the precipitate collected, washed with 
a solution of sodium carbonate, then water, dried at 100°, and 
crystallised from nitrobenzene. 

The brilliant red needles resemble a good specimen of sublimed 
alizarin, and melt and decompose at 315°: 

0°1065 gave 0°1906 CO, and 0°0393 H,O. C=49°0; H=4'1. 

The substances obtained as under A and B differ only in regard 
to colour. They dissolve in sulphuric acid to the same intense 
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blue ‘solution, and a mixture of them melts and decomposes at 
315°. So far as a superficial examination is able to show, the 
two specimens have the same crystalline form and behave similarly 
under the polarising microscope. The reduction experiment which 
follows immediately was made with both the orange and red 
crystals with almost identical results. 


2:3-Dimethozy phenanthraphenazine frém 2 :2'-Dinitro- 
4:5:4/:5/-tetramethoxyazobenzene. 


One gram of the finely powdered orange crystals obtained by 
the direct nitration of azoveratrole was mixed with crystallised 
stannous chloride (5 grams), metallic tin (5 grams), and concen- 
trated hydrochloric acid (15 c.c.). After shaking for a few days 
reduction was complete, and a colourless solution resulted, which 
was diluted to 150 c.c. with water, and the tin eliminated by 
means of hydrogen sulphide, after which the excess of hydrogen 
sulphide was exactly removed by the addition of just sufficient. of 
a saturated solution of lead acetate. The filtered liquid was mixed 
with sodium acetate (50 grams) and a solution of phenanthra- 
quinone (2 grams) in water (50 c.c.) and sodium hydrogen sulphite 
(10 grams). The mixture was heated on the steam-bath, when a 
gelatinous precipitate filled the liquid, and the heating was then 
continued until the jelly had become crystalline. The substance 
was collected, washed, dried, and crystallised from a mixture of 
nitrobenzene and alcohol, when 1°15 grams of the substance were 
obtained, a yield of 66 per cent. of the theoretical. The red 
crystals (1‘0 gram) in the same process gave rise to 1°06 grams 
of the condensation product, a divergence from the previous result 
which is considered to be well within the experimental error. The 
two quantities of the phenanthraphenazine were fractionally 
crystallised from xylene, and found to be homogeneous. The sub- 
stance melts at 259—261°, and at the same temperature when 
mixed with 2:3-dimethoxyphenanthraphenazine obtained as 
described by Moureu (Compt. rend., 1896, 123, 33) from 
4:5-diaminoveratrole. This azine dissolves in sulphuric acid to a 
rich magenta solution. Moureu describes the solution as having 
a violet colour, and states that the substance melts at 255°. In 
benzene or alcohol solution the derivative exhibits intense violet 
fluorescence. 
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N-2 : 2’-Trinitro-4 :5 : 4! :5/-tetramethozryhydrazobenzene, 
MeO OMe 
pls rovisionally), 
Meoe SNE-N(NO,)C Some (P y) 
NO, NU, 

This compound was obtained by nitrating azoveratrole under 
the following conditions: 

Nitric acid (D 1°52; 40 ¢.c.) was added to azoveratrole (3 grams) 
suspended in acetic acid (10 c.c.). The greenish-yellow precipitate 
at first produced afterwards redissolved to a red solution, and on 
the addition of water a yellow substance separated, which was 
collected and crystallised from acetic acid. The reaction was 
accompanied by copious evolution of nitrous fumes. 

The substance is sparingly soluble in most solvents, and was 
obtained in yellow needles, which melt at 228°: 

0°1097 gave 0°1752 CO, and 0°0397 H,O. C=43'5; H=4°0. 

071103 ,, 15°2 cc. Ny at 16° and 767 mm. N=16'l. 

CigH,;,0,)N; requires C=43°7; H=3°9; N=15°9 per cent. 

The substance does not readily dissolve in sulphuric acid in the 
cold; on gently warming, however, an olive green solution, rapidly 
changing to intense blue, is produced. On reduction by means of 
zinc in alcoholic hydrochloric acid suspension, 4 :5-diamino- 
veratrole is formed, and was easily recognised by the formation 
of 2:3-dimethoxyphenanthraphenazine, melting at 259°. This 
reaction is opposed to the idea that this peculiar compound is 
merely trinitroazoveratrole. The phenanthraphenazine is entirely 
free from any diazotisable amine, which we have found is not the 
case in the azine prepared from the reduction products of a mix- 
ture of dinitro- and trinitro-veratrole. Furthermore, the addition 
of potassium nitrate to the blue solution of dinitroazoveratrole in 
sulphuric acid produces a characteristic red colour. Water pre- 
cipitates a substance which is evidently a tri- or tetra-nitroazo- 
veratrole; this dissolves in sulphuric acid to a red solution, and is 
quite different from the product which is the subject of this section. 


6-Nitrohomopiperonyl Chloride (VII). 


A solution of homopiperonyl alcohol (20 grams) in acetic acid 
(100 c.c.) was saturated at 0° with hydrogen chloride, and then 
gradually treated with nitric acid (30 c.c.; D 1°42), the whole 
being well cooled. After fifteen minutes, the mixture was added 
to water; the precipitated oil quickly solidified, and was collected 
and crystallised from methyl alcohol, from which it separated in 
pale salmon-coloured leaflets, melting at 86°. Ten recrystallisations 
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did not remove the salmon tint, but pale yellow crystals were 
obtained by the recrystallisation of the substance produced from 
the first methyl alcohol mother liquor: 

0°1290 gave 0°0867 AgCl. Cl=16°5. 

C,H,O,NCl requires Cl=16°4 per cent. 

The substance is rather readily soluble in organic solvents, and 
resembles o-nitrobenzyl chloride in powerfully irritating the skin 
and in causing a sensation of burning. Nevertheless, the chlorine 
atom in this compound is more firmly bound than in the parent 
homopiperonyl chloride, since the nitro-derivative is comparatively 
stable in the presence of water and under conditions which, if 
applied to homopiperonyl chloride, would cause its hydrolysis. 

When the solution of the nitro-chloride in nitrobenzene was 
boiled it became orange, then brown, and hydrogen chloride was 
evolved. On cooling, the azo-acid (IV) separated as a chocolate- 
brown, crystalline precipitate, and was purified and identified as 
described below. The melting point of the acid so obtained was 
265—270° (decomp.), but the yield by this process was unsatis- 
factory. 


2 : 2'-Dinitro-4 :5:4!:5!-dimethylenetetraoazystilbene (VIII). 


This compound was obtained by the action of cold methyl- 
alcoholic potassium hydroxide on 6-nitrohomopiperonyl! chloride. 
After the addition of water, the yellow precipitate was collected, 
washed, dried, and crystallised from nitrobenzene. On warming 
with the solvent, the yellow substance became orange, and the 
crystals obtained were brownish-red needles, very sparingly soluble 
in solvents. The compound darkens at 280°, but does not melt at 
350° : 

0°1136 gave 0°2258 CO, and 0°0335 H,O. C=54:2; H=3°3. 

C,gH,yO,N. requires C=53°6; H=2°8 per cent. 


4:5:4!':5!-Dimethylenetetraoxyazobenzene-2 : 2'-dicarboxylic 


Acid (IV). 


The method employed for the decomposition of 6-nitro-3:4- 
methylenedioxymandelic acid* was the same as that described 


* The following experiment made by Mr. D. A. Pritchard shows that this 
substance may be resolved although it is not claimed that the resolution is 
complete :— 

The acid (15 grams) was suspended in water (600 c.c.) and nearly neutralised 
by the addition of N-potassium hydroxide solution (60 c.c.). The filtered 
liquid was mixed with sufficient of an aqueous solution of brucine hydro- 
chloride (10 grams in 100 c.c.) to cause a slight milkiness and then allowed to 
remain overnight in the ice-chest. A crystalline crust separated, and the 
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above for the corresponding dimethoxy-derivative. In contra- 
distinction from the latter case, however, nitrogen was now evolved, 
and in one experiment 0°58 of the acid gave 1°8 c.c. N, at 17° and 
764 mm., the yield of the chocolate-coloured reaction product being 
0°31. Analyses made on this substance and on the same product 
after crystallisation from nitrobenzene gave: 

C=55°0, 55°4; H=371, 29; N=4°4, 4°3. 

C32H0j,N. requires C=55°8; H=2°9; N=4'1 per cent. 

On treatment with nitric acid as described for the pure com- 
pound in the next section, a scarlet substance was obtained and 
crystallised from much acetic acid. 

Found, C=49°0, 49°2; H=2°7, 26; N=9°9, 9°7. 

Bearing in mind the evolution of nitrogen, these figures indicate 
the nature of the impurity present in some quantity in the choco- 
late-coloured specimens, since Cy,H0,.N.=CjgH,OsN, (formula 
of the azoacid)+CyH,O, A compound of the formula 
C,,H,,O, would be the diphenic acid of the piper series, possibly 
produced by loss of nitrogen from the azobenzenedicarboxylic acid. 
The neutral nitro-derivatives produced by displacement of the 
carboxyl by nitro-groups corresponding with C,,H,;O,N, and 
CigH yO, are C,,H,O,N, and C,,H,O,N, respectively. A mixture 
of 25 per cent. of the former and 75 per cent. of the latter requires 
C=496; H=2'4; N=10°2, in approximate agreement with the 
analyses quoted above. 

We have been able to isolate in a pure condition only the azo- 
constituents of these mixtures, and to this end have employed the 
following process. Ten grams of the dried substance were dis- 
solved, as far as possible, in sodium carbonate solution (10 grams 
in 500 c.c. of water). The small, dark brown residue is doubtless 
responsible for the chocolate colour of the crude product. The 
filtered solution was evaporated to 50 c.c., and then allowed to 
cool and crystallise. The glistening, yellow leaflets of the sodium 
salt were collected, thoroughly drained, and dried in the air, and 
then dissolved in a litre of boiling alcohol containing 20 c.c. of 
water. The liquid was filtered and acidified while hot with boil- 
ing dilute alcoholic acetic acid. A brick-red, microcrystalline pre- 
cipitate separated in a few seconds, and was collected, washed, and 
rest of the brucine solution was cautiously added during a fortnight, the 
mixture being kept all the time in the ice-chest. The brucine salt was collected 
and decomposed with dilute hydrochloric acid in the presence of ether, the 
ethereal solution separated, dried with anhydrous sodium sulphate, and 
evaporated. The residue was crystallised from dilute hydrochloric acid with 
the aid of a little animal charcoal. The substance was so obtained in colourless 


needles melting at 180° with slight previous decomposition. 
1-0285 made up to 25 c.c. with acetic acid gave a— 2-61, whence (a),— 63-4, 
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dried at 100°. The crystals formed opaque masses of needles, and 
melted and decomposed at 270°: 

0°1047 gave 0°2061 CO, and 0°0287 H,O. C=53'7; H=3°0. 

01211 ,, 84 c.c. N, at 18° and 764mm. N=8°0. 

CigH,OsN, requires C=53°6; H=2°8; N=7'8 per cent. 

This acid dissolves in sulphuric acid to a pure blue solution, 
which is opaque unless a mere trace is employed. Its sodium salt 
is readily soluble in water, and yields insoluble precipitates with 
salts of the heavy metals. Most of these are yellow, but the copper 
salt is ochre-brown. ' 


:2/-Dinitro-4 :5:4': “a ae ryazobenzene, 


The pure acid, obtained as described in the last section, was 
ground in a mortar with an excess of nitric acid (D 1°45), when 
the original purple liquid soon lost its colour and a dark red pre- 
cipitate was obtained. After the addition of water, the substance 
was collected, washed with alkali, dried, and crystallised from 
nitrobenzene, the only solvent in which the substance is at all 
readily soluble. Crimson needles were obtained, which darken at 
295° and melt and decompose suddenly at 305°: 


0°1163 gave 0°1996 CO, and 0°0248 H,O. C=46°8; H=2'4. 
C,,H,O,N, requires C=46°7; H=2°2 per cent. 


This substance dissolves in sulphuric acid to produce the usual 
intense blue solution. 


2: senna cattaaa iui ~ Smeal 


AA 
: “<A MY itn, 8, 


This phenazine derivative was obtained from dinitrodimethylene- 
tetraoxyazobenzene by an application of the process already 
described in connexion with the corresponding veratrole derivative 
(see p. 1756). It was also obtained from 4:5-dinitromethylene- 
dioxybenzene by a similar method, and the substance so formed 
was found by the method of mixed melting points to be identical 
with that obtained from the azo-compound. The substance may 
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be crystallised from xylene or acetic acid, and occurs as pale yellow 
needles, melting at 305°: 
0°1154 gave 0°3301 CO, and 0°0412 H,O. C=78:0; H=3°9. 
C,,H,,0,N, requires C=77°8; H=3°7 per cent. 
The azine dissolves in sulphuric acid to a magenta solution, and 
its benzene solution exhibits a bluish-violet fluorescence. 
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CXCI.—The Indirect Determination of Velocity of 
Hydrolysis by the Polarimetric Method. 


By James CopRINGTON CROCKER. 


THE convenience of the polarimetric method as a means for follow- 
ing the course of a chemical reaction makes it of great use in cases 
where one of the reacting substances is optically active and under- 
goes a relatively large change of rotation during the reaction. 
The method, however, may be applied to certain cases of hydrolysis 
where the substances taking part in a given reaction are not 
optically active, by allowing the hydrolyst to act simultaneously 
on an optically active substance. 

If the hydrolyst is gradually used up in the principal reaction, 
and its concentration is not affected by the secondary reaction, 
the change of this concentration with time can, be deduced from 
the rate of catalysis of the optically active substance, as indicated 
by the variation of the rotation of the solution. 

In order to examine the practicability of the method, the rate 
of hydrolysis of formamide by hydrochloric acid in the presence of 
sucrose was studied. In the reaction, let the concentrations of 
the amide, acid, and sugar be, respectively, z, x, and y gram- 
equivalents per c.c. Then the velocity of hydrolysis of the amide 
is given by the equation 

- or = kat Das Ce maa ae 
Similarly, the rate of inversion of the sugar is given by 
dy _ kx, 
“a rarer te ee 
where k, and k, are the velocity constants for the two reactions. 
From equations (1) and (2) we obtain 
diogx _ k, dlogy — ith gl ene 


dt k, dt 
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which on integration and combination with the integral of equa- 
tion (1) gives 
Ky x 
(7 Vi = “em xkitl ..... (4) 
y a 
Now if times are chosen so that the concentrations of the sugar 
decrease in geometrical progression, 
Yo Ys 2 
where ¢=y,/y and 8B is an arbitrary constant. 
Hence from equation (4) 


chun Ou Cag. Y stems, Oy 


tk,t,+1 _ Xokytgtl _ 


 Ggkyty +1 = - Aohkty +1 


so that the ratio of the two velocity constants is given by 


ky ” log (¢, — ty) — log (t, -— t,) 

k, log B 
In order to evaluate k, we proceed as follows. 
From equation (4) we obtain 


where ¢, and ¢, form any pair of time observations. Hence 
(8) 


This mode of computation eliminates the error in the time zero. 
k, is then easily calculable from the predetermined value of the 
ratio k,/k. 

It is clear that the best results are to be expected when the 
velocity constants of the two reactions are equal, and this condi- 
tion is nearly fulfilled for the pair of reactions under consideration. 


ExPERIMENTAL. 


The reaction was carried out in a jacketed polarimeter tube. 
Water at constant temperature was circulated through the jacket 
by an “Albany” gear-pump. The observation tube was fitted 
into a tubular cardboard carrier with plane glass ends, so that it 
was air-jacketed at each end. This precaution is advisable, on 


1764 CROCKER: THE INDIRECT DETERMINATION OF 


account of the radiation from the terminal caps in the ordinary 
form of jacket-tube, particularly in measurements of velocity of 
reaction. 

Another point worthy of note is the necessity for delivering the 
water direct from the thermostat to the jacket-tube, returning it 
through the pump, in order to minimise the temperature drop. 
With these precautions, perfect constancy of temperature is main- 
tanied in the tube, and the drop in temperature under the con- 
ditions of the experiments was less than 0°1°. The solutions of 
formamide and acid were of normal strength, and the sugar solu- 
tion was 0°75N. All solutions were freshly prepared. Equal 
volumes (10 c.c.) of the formamide and sugar solutions were heated 
together in the thermostat, and 10 c.c. of the hydrochloric acid 
solution were heated separately. After mixing, the solution was 
transferred to the observation tube, already at constant tempera- 
ture, and readings of time and rotation taken at intervals. The 
initial rotation was obtained by diluting the original sugar solu- 
tion to one-third of its original strength. 

It was found by experiment that the rotation of a sugar solu- 
tion is not appreciably affected by formamide. The final rotation 
was obtained by heating separately some of the reaction mixture 
to about 85° for half an hour, cooling, and transferring to the 
jacket-tube. If R, and R, are the initial and final rotations, 
then the concentration of the sugar at time ¢ is given by 

a R-Ry 

hy SEER Sui int ).tak OO 
The graph of yo/y and ¢ is, for the range of reaction measured, 
almost rectilinear. This graph was utilised in the calculation of 
the ratio k,/k. 

In the following tables, 

t=time in minutes, 

R=rotation in degrees of arc, 

¢=¥/y=ratio of the initial concentration of sucrose to the 


concentration at time ¢. 

The values of the velocity constants k, and k, in the last two 
columns are deduced from the pairs of observations in the same 
horizontal lines. Observations are dated from a time-zero ten 
minutes subsequent to the beginning of the reaction. 
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_ 


I. Temperature, 27°5°. 


Initial rotation=11°44°; flnal rotation= —3°26°. 
k,/k,=0°997 ; B=1°352. 


ky 


1-419 
1-467 
1-509 
1-559 
1-628 
1-704 
1-771 
1-844 
1-914 
1-973 
2-053 
2-128 


9-11 
8-88 
8-73 
8-29 
7-81 
7-50 


HH CLOT AD a 
HIS Ie Ra 
CNeKRPA15151DGO’ 


eo oe 
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Range of reaction 3—53 per cent. 


Il. Temperature, 25°5°. 


Initial rotation =11°38°; final rotation = —3°43°. 
k, /k,=0°992; B=1°350; &,=10°13; k,=10°22. 


The constancy in the values of £, and k, is satisfactory in both 
cases, and the values of k,/k, are, as is to be expected, nearly 


identical. 
In order to illustrate the mode of calculation, the following 
numbers are taken from experiment I: 
t,= 15 $,=1-067 
tg= 95 $,=1°442 
tz = 203 $3 = 1°952 
Thus Sb MEE ee 80. one 
5, log 1°352 
and pn SERN (REIT ~ 1008). 15-00 
yu — 10 
Ie) im 13°85. 
O-v9T7 
The principle of the method is clearly applicable to any reaction 
where the hydrolyst changes in concentration during the reaction 
and can act as a simple catalyst on a third substance present in 
solution. It is thus useful for the indirect determination of 
velocity constants in such cases, particularly where a direct deter- 
mination would present difficulty. 
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CXCIU.—Monotropice Polymorphic Anilides. 


By Frepericx Daniet Cuarraway and WILLIAM JAMES LAMBERT. 


Tue power of crystallising in two or more forms, although com- 
paratively common among organic compounds, has not hitherto 
been recognised as a general property of anilides. If the ap- 
pearance of the crystals only is regarded, anilides in the solid 
state exist in one or other of three forms: in very fine, hair-like 
crystals, in slender needles or prisms, and in crystals of a stout, 
compact habit. These may be designated the woolly, the needle, 
and the compact forms. The appearance of each one of these 
forms is quite characteristic, and there is no difficulty in assigning 
any particular compound to its class. 

A close study of the behaviour of anilides when crystallising 
makes it seem highly probable that all anilides possess the capacity 
for crystallising in all three forms, and that where these have not 
been actually obtained it is due to the conditions necessary for 
their appearance not having been discovered, or to the rapidity 
with which transformation of the unstable into the stable modifi- 
cation takes place not allowing the recognition of the former. 

The authors find that a large number of anilides can be made 
to crystallise in two of these forms, and isolated cases have been 
discovered in which all three forms have been obtained. 

The present paper deals chiefly with p-bromoacetanilide and 
2:4-dibromoacetanilide, which are perhaps the most easily 
accessible examples of monotropic polymorphs, but for purposes of 
comparison some of the properties of other halogen-substituted 
anilides are described. 

Remmers (Ber., 1874, 7, 348) states that 2: 4-dibromoacetanilide 
erystallises in colourless needles or small rhombohedra, and Hiibner 
(Annalen, 1881, 209, 355) that pbromoacetanilide crystallises in 
fine needles or compact crystals, whilst Miigge (Zeitsch. Kryst. 
Min., 1880, 4, 332) has measured the compact crystals of both 
compounds. Gossner (Zeitsch. Kryst. Min., 1904, 38, 110) has 
examined melted pbromoacetanilide in polarised light between 
crossed Nicols under the microscope, and has observed that it 
solidifies in an unstable form, which changes into the stable, well- 
known monoclinic compact form. All transformations of these 
anilides in solution have either passed unnoticed or the observa- 
tions have not been recorded. 

When a hot saturated alcoholic solution of p-bromoacetanilide 
or of 2:4-dibromoacetanilide is allowed to cool, needle-shaped 
crystals, generally of considerable length, separate. These long, 
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Crystallisation of p-bromoacetanilide. 
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2 : 4-Dibromoacetanilide. 
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Fie. 3. Fic. 4. 
Orystallisation of 2 : 4-dibromoacetanilide. 


Photographs taken at intervals of two days. 
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slender crystals, which form an interlaced mass, if left in the 
solvent at the ordinary temperature slowly redissolve, whilst 
crystals of a second, the compact, form make their appearance. 
Crystals of the compact form generally appear spontaneously, but 
if none appear after some hours, a few may be added.* The 
appearance during the transformation is very characteristic. 
In the mass of interlaced needles, which if a concentrated 
solution is cooled completely fills the liquid, cavities make their 
appearance, each containing a crystal or group of crystals of the 
compact form. These rest on the needles below and gradually 
‘sink, producing irregular, worm-like tubes. The whole mass 
becomes filled with such holes and tubes and crumbles away, whilst 
the compact crystals subside into a comparatively thin layer at 
the bottom. 

The photographs reproduced in Plate I illustrate the gradual 
transformation of the unstable into the stable modification of 
p-bromoacetanilide. Fig. 1 shows a beaker, about half its actual 
size, filled with crystals of the unstable form immediately after 
crystallisation has taken place. Fig. 4 shows the same beaker, 
similarly reduced in size, after complete transformation of the 
unstable into the stable form. Figs. 2 and 3 show a part of the 
same beaker, about the actual size, on successive days during the 
progress of the transformation. 

A similar’ sexies of reproductions, on the same scale of photo- 
graphs illustrating the transformation of the unstable into the 
stable form of 2:4-dibromoacetanilide, is given in Plate II. 

The rate of transformation varies greatly with the compound 
and with the solvent used. To obtain a rough idea of the rate 
of transformation of pbromo- and 2:4-dibromo-acetanilide in 
different solvents, a saturated solution in a test-tube was chilled 
‘to produce a felted mass of the needle-shaped modification, and 
when cold was seeded with a crystal of the compact form. The 
time taken for the mass to transform completely, at the ordinary 
temperature and undisturbed, was then noted. The following 


results were obtained : 
p-Bromo- 2: 4-Dibromo- 


Solvent. acetanilide. acetanilide. 
50 per cent. alcohol ............ 8 weeks 6 months 
Absolute alcohol _............... 24 hours 10 days 
Glacial acetic acid ............... 6 w BS « 
CRRRIROINE. castcccscccecvcccsneccks — 36 hours 
PEED dibs cuncdceceonnvddeerstes _ 24 (, 


* The compact form of p-bromoacetanilide almost always appears spon- 
taneously, but occasionally crystals of the compact form of 2: 4-dibromo- 
acetanilide have to be added. A sealed tube of the needle form of 2 : 4-dibromo- 
acetanilide in absolute alcohol has been kept for two years without trans- 
forming, of course without seeding with the stable form, 
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When hot solutions of p-bromoacetanilide in chloroform and in 
benzene were chilled, transformation of the unstable form was so 
rapid that only crystals of the stable form were found in the cooled 
liquid. 

The rate of transformation increases rapidly with the tempera- 
ture. If small quantities of the needle-shaped form of either 
compound are moistened with alcohol, sealed up in a tube, and 
plunged into a heated oil-bath, transformation in each case is 
complete in a few minutes at 100°, and just below the melting 
points of the compounds is so rapid as to appear instantaneous. 

Between 0° and the melting point, the compact form, both of 
p-bromo- and of 2:4-dibromo-acetanilide, is the stable form; the 
compounds, therefore, do not show a transition point between these 
limits. The view generally accepted, that in such cases the transi- 
tion point is above the melting point, overlooks the possibility of 
it lying much below the ordinary temperature and not being 
recognised owing to the slow rate of change. 

A sufficiently accurate determination of the solubilities of the 
two forms over a considerable range of temperature would decide 
its true position. 

In the case of the anilides under consideration, on account of 
the rapidity with which the needle forms transform during the 
shaking necessary to obtain saturated solutions, the range of tem- 
perature over which it was possible to determine their solubilities 
with accuracy was found to be too short to enable trustworthy 
deductions to be drawn. 

When the solubilities of the two modifications of both compounds 
are plotted graphically pairs of curves are obtained which are 
to all intents and purposes parallel. 

The compounds must therefore provisionally be classed as mono- 
tropic. 


Solubility of the Halogen-substituted Acetanilides. 


The solubilities in ethyl alcohol of the halogen-substituted 
acetanilides studied were determined between 5° and 45°. 

In the apparatus employed, the anilides were shaken with the 
solvent for a number of hours, ascertained in each case by previous 
experiment to be more than sufficient to ensure saturation. The 
bottles in which solution was effected, carefully protected against 
the entrance of moisture, were rotated in a water-bath kept 
constant by heating or cooling to within 0°02°. The thermometers 
used were exceptionally long ones, reading to 0°1°, the divisions 
being sufficiently large for a difference of 0°01° easily to be detected 
with a lens. They were calibrated against an air thermometer. 


MONOTROPIC POLYMORPHIC ANILIDES. 1769 


The alcohol used, starting with the purest absolute alcohol 
obtainable, was twice distilled over calcium turnings, using a 
fractionating column with twelve pear-shaped bulbs, and carefully 
protected from the moisture in the air. 

The anilides were repeatedly recrystallised from different 
solvents until several successive crops of crystals showed identical 
melting points, and then were finally crystallised from pure alcohol, 
taking care that the crystals obtained were small. 

Trial experiments, using an excess of these small crystals, showed 
that in all cases two hours’ shaking with the solvent was sufficient 
to ensure saturation. In the actual determinations, the shaking 
was continued for four hours at the lower temperatures and for 
three hours at the higher, to exclude all possibility of unsaturation. 

The saturated solution was removed in a pipette, previously 
heated to the same temperature, of the type shown in Fig. 1. It 
was fitted with a ground-on end constricted in the middle, a plug 
of cotton wool on the lower half serving to filter the solution as 
it entered the pipette. 

The only method generally applicable for determining the 


Fic. 1. 
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amount of anilide dissolved was found to be that of evaporating 
the solvent from a weighed amount of the solution and weighing 
the solid residue. The solution, after cooling, was weighed in the 
pipette and transferred to a porcelain crucible; this was then 
gently heated on a water-bath and the solvent evaporated. To 
prevent boiling and consequent spirting, a stream of air was 
blown on to the surface by means of the simple blower described 
by Manley (Phil. Trans., 1913, [A], 212, 244). 

When dry, the crucible and its contents were heated for a 
quarter of an hour in a steam-oven, and then cooled in a desiccator 
and weighed against a counterpoise, using standardised weights. 
The weights of solute and solvent are thus obtained. 

All the anilides the solubilities of which have been determined 
were found to be unaffected by this treatment. This was ascer- 
tained for each substance as follows. After the final weighing of 
the first determination, the crucible and anilide were again heated 
for fifteen minutes, cooled, and re-weighed. In no case was any 
loss in weight observed, consequently the compounds are not 
appreciably volatile at 100°. The crucible was next refilled with 
ethyl alcohol, and the whole process of evaporation drying, and 
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weighing repeated. No discoloration or change of weight was in 
any case noted, showing that the current of air used in the evapora- 
tion of the solvent caused no oxidation, and that the substances 
were not appreciably volatile in the vapour of ethyl alcohol. 

The following table gives the solubilities in pure ethyl alcohol 
of the various anilides investigated, expressed as the number of 
grams dissolved in 100 grams of solution : 


p-Chloroacetanilide. 


Temperature. Temperature. 
10° 3-278 30° 
15 3-777 35 
20 4-366 | 40 
25 5-040 45 


2 :4-Dichloroacetanilide. 


‘Temperature. Temperature. 
10° 3-008 30° 5-864 
15 3-564 35 6-937 
20 4-192 | 40 8-276 
25 4-962 45 9-750 


p-Bromoacetanilide (Stable “ compact” form). 


8-440 
9-715 


5° 4-244 
10 4-847 3! 
15 5-561 11-156 
20 6-390 12-767 
25 7-300 


‘Temperature. | Temperature. 


2:4-Dibromoacetanilide (Stable “compact” form). 


2-480 5-615 
2-876 6-686 
3-382 | 7-914 


Temperature. | Temperature. 


4-002 9-357 
4-714 


4-Chloro-2-bromoacetanilide (Stable “compact” form. 


Temperature. Temperature. 
10° 4-334 
15 5-088 
20 5-986 | 
25 7-043 


2-Chloro-4-bromoacetanilide (Stable “compact” form). 


Temperature. Temperature. 
10° 30° 4-891 
15 35 5-820 
20 40 6-887 
25 45 8-186 
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The results are shown graphically in Fig. 2. 

No general conclusions can be drawn from a consideration of 
these solubilities alone. The halogen-substituted acetanilides are 
much less soluble than acetanilide itself, but the introduction of 
successive atoms of chlorine and bromine has a very irregular 
effect. 

In order to determine the solubility of the unstable needle- 
shaped form of p-bromoacetanilide and of 2:4-dibromoacetanilide, 
a nearly saturated solution of the stable compact form in boiling 


Fig. 2. 
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Temperature. 


. p-Chloroacetanilide. 
2 : 4-Dichloroacetanilide. 
3. p-Bromoacetanilide. 
. 2 : 4-Dibromoacetanilide. 
. 4-Chloro-2-bromoacetanilide. 
. 2-Chloro-4-bromoacetanilide in alcoholic solution. 


alcohol was made and kept in the neighbourhood of the boiling 
temperature in a closed bottle for a considerable time to ensure 
the absence of all nuclei of the stable form. On chilling the solu- 
tion and shaking, the needle form usually separated as a pulp of 
fine needles. A sufficient further quantity of alcohol was then 
added and the bottle was shaken in the constant-temperature bath 
until saturation was reached. 

It is very difficult to obtain a crop of needle-shaped crystals of 
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p-bromoacetanilide which can be shaken with the solvent for a 
considerable time without the compact stable form making its 
appearance. It was never found possible to continue the shaking 
for four hours without transformation taking place. 

The solutions containing the fine needles in suspension are very 
like emulsions in appearance when they are being shaken in the 
bath, but when transformation begins, the liquid becomes much 
clearer and the crystals roll from end to end of the bottle instead 
of remaining more or less uniformly suspended in the liquid. This 
characteristic change of appearance never leaves any doubt 
whether the needle form is alone present or is mixed with the 
compact form in a partly transformed condition. 

Trial experiments with p-chloroacetanilide, similarly obtained 
in the form of fine needles, showed that saturation was always 
reached after an hour’s shaking. It is fair, therefore, to regard 
this length of time as sufficient in the case of the similar needle- 
shaped forms of the two bromo-compounds. 

In the actual determinations, quantities of the solution were 
removed at the end of an hour, and then every subsequent half- 
hour as long as transformation did not commence. At most of 
the lower temperatures two concordant successive determinations 
were obtained and at one a third. 

After the solubility of the unstable form had been ascertained, 
it was allowed to transform completely, and after an hour’s shaking 
a quantity of the same solution was taken and the solubility of 
the stable form determined as a control. 

The following tables give the solubilities of the two forms of 
p-bromoacetanilide and of 2:4-dibromoacetanilide in pure ethy! 
alcohol, the numbers, as before, recording the weight of anilide 
in grams in 100 grams of solution. 


p-Bromoacetanilide. 


Temperature. Needle form. Compact form. Difference. 
4-569 4-244 0-325 
5-231 4-847 0-384 
5-981 5-561 0-420 
6-945 6-390 0-555 


2 :4-Dibromoacetanilide. 


Temperature. Needle form. Compact form. Difference. 
3-062 2-480 0-582 
3-535 2-876 0-659 
4-049 3-338 0-711 
4-804 4-002 0-802 


The range of temperature over which it was possible to deter- 
mine the solubility of the unstable forms is too short to enable any 
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conclusions as to the position of the transition points to be drawn. 
When plotted graphically in each case, pairs of curves are obtained 
which are almost parallel. 


UNIVERSITY CHEMICAL LABORATORY, 
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CXCIII.—The Transition Points of the Polymorphic 
Phthalylhydrazides. 


By Frepertck Daniet Cuatraway and WILLIAM JAMES LAMBERT. 


Ir was first noticed by Mitscherlich, in the case of certain sub- 
stances capable of existing in distinct crystalline forms, that the 
temperatures at which the crystalline aggregates were built up 
determined the production of one or other of the forms. 

Somewhat later, Lehmann recognised more clearly than had 
hitherto been done that whilst in some pairs of polymorphs one 
form was unstable in contact with the other at all temperatures, 
in others the relative stability altered as a certain temperature, 
the transition temperature, was passed through. The former class 
he termed monotropic, the latter enantiotropic. 

Lehmann further recognised that the transition point of enantio- 
tropic polymorphs could be overstepped in either direction, since 
the rate of change diminishes as that point is approached; as the 
temperature falls below this, however, it soon reaches a maximum 
value, after which a diminution follows, which can end in an 
apparently complete cessation of transformation. This he con- 
nected with a diminution in the molecular mobility at the lower 
temperature. 

In a course of lectures delivered in 1897—1898, van’t Hoff put 
forward certain theoretical deductions relating to the reversible 
transformation of polymorphic forms. He bases his conclusions 
on the assumption that polymorphic differences are due to varia- 
tions in molecular grouping, which disappear when the substances 
pass into the gaseous or liquid state or into solution. He shows 
that the stable modification must have the smaller vapour pressure, 
the smaller solubility, and the higher melting point; that a re- 
versible polymorphic transformation must proceed tc completion 
at one temperature, the direction of the change depending on the 
direction in which the temperature is altered, and that the modifi- 
cation stable at low temperature must be formed from the other 
with evolution of heat; and, finally, that polymorphic modifications 


> 
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must have a constant ratio of solubilities in solvents which take up 
so little of the substances that the laws of dilute solutions are 
applicable. 

The number of enantiotropic organic compounds known is not 
large, and the study, therefore, of two such well-marked examples 
as phthalylphenylhydrazide and _ phthalylphenylmethylhydrazide 


OD GO>NNC<G oy and CHL Go>NN<G 
is of interest, especially since it enables the latter of van’t Hoff’s 
conclusions for the first time to be put to the test. 

The properties available, in the case of the phthalylhydrazides, 
for the determination of their transition points are the relative 
solubilities, the colour and crystalline form, which are obviously 
different in the pairs of enantiomerides, and, in one case, the 
volume change which accompanies transformation. 

For the determination of the solubilities, large quantities of 
each of the compounds studied were prepared, and repeatedly 
crystallised from different solvents until successive crops of 
crystals showed identical melting points. They were then finally 
crystallised from pure alcohol. From the material thus obtained, 
generally a mixture of the two forms, the enantiomerides were 
obtained pure by methods described under the individual com- 
pounds. 

Solution was effected by shaking the pure forms with the solvents 
for the requisite number of hours in a water-bath constant to 
within 0°02°. The thermometers used, which were exceptionally 
long ones, and could be read to 0°01°, were calibrated against an 
air thermometer. The number of hours’ shaking necessary to 
ensure saturation was ascertained in the case of each compound 
and solvent by previous experiment, and a period in excess of this 
employed in every case. The time necessary varied from three to 
four hours, and the shaking was continued for one to two hours 
longer. 

The solvents used, starting with the purest specimens obtain- 
able, were repeatedly distilled, using a fractionating column with 
twelve pear-shaped bulbs until considerable quantities of constant 
boiling point had been obtained. Before use, the amount required 
was twice redistilled, the first and last fractions in each distilla- 
tion being rejected. 

The alcohol used was twice distilled over calcium turnings, using 
a similar fractionating column, and was kept protected from the 
moisture of the air. 

The saturated solution was removed in a pipette (this vol., 
p-. 1769), previously heated to the same temperature, and the amount 
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of substance dissolved ascertained by weighing the solid residue 
left after evaporating off the solvent from a known weight. The 
solution, after cooling, was weighed in the pipette and transferred 
to a porcelain crucible; this was then heated on a water-bath, and 
the solvent evaporated in a slow stream of air, blown on to the 
surface to prevent boiling, and consequent spirting. When dry, 
the crucible and its contents were heated for a quarter of an hour 
in a steam oven, then cooled in a desiccator, and weighed against 
a similarly treated counterpoise, using standardised weights. 

The phthalylhydrazides were found by separate experiments not 
to be affected by these operations. 


The Transition Point of Phthalylphenylhydrazide. 


The polymorphic modifications of phthalylphenylhydrazide have 
already been described (Chattaway and Wiinsch, T., 1911, 99, 
2256). It crystallises in bright yellow, monoclinic crystals of short 
and compact habit, and in very pale yellow, orthorhombic plates. 
The pale yellow form transforms completely when heated on a water- 
bath for a short time in the presence of a small quantity of any 
solvent into the bright yellow form, which is consequently easily 
obtained pure. 

The pale yellow form is less readily obtained quite free from its 
enantiomeride. This can be effected, however, by boiling a con- 
centrated solution in alcohol for some time to remove all nuclei 
and then cooling rapidly. Some time, as a rule, elapses before 
crystallisation begins, but on shaking from time to time, the pale 
yellow form usually separates free from the other in small, almost 
colourless plates. A pure crop does not always result at the first 
attempt, but the crystals of the deep yellow form, if any are 
present, show up very clearly against the almost colourless ones, 
and can be at once detected with a lens. 

When determining the solubility of the pale form, the crystals 
remaining after the solution had been removed were always thus 
examined to make certain that no transformation had occurred 
during the shaking. This only happened once at the temperatures 
for which the solubilities are given, and did not recur when the 
experiment was repeated. 

The solubilities of the two forms are given in the subjoined 
table. In this and all the following tables the solubility given is 
the number of grams of the compound contained in 100 grams of 
the saturated solution. 
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Solubility of the Enantiotropic Forms of Phthalylphenylhydrazide 
in Ethyl Alcohol. 


Pale Deep 
Tempera- yellow yellow 

ture. form. Difference. form. Ratio. 
5° 0-428 —0°010 0-438 0-977 

10 0-517 —0-001 0-518 0-998 

15 0-614 0-012 0-602 1-020 

20 0-749 0-019 0-730 1-026 

25 0-913 0-031 0-883 1-034 

30 1-098 0-043 1-055 1-040 

35 1-313 0-055 1-257 1-045 


The solubility curves given in Fig. 1 show that the transition 
point lies in the neighbourhood of 10°. At this temperature, 
however, phthalylphenylhydrazide is so sparingly soluble in alcohol 
that the difference in solubility of the two forms is of the same 
order of magnitude as the experimental error. The transition 
point cannot, therefore, be determined exactly, using this solvent. 

The solubilities in chloroform, in which both forms dissolve much 
more freely, were therefore determined at temperatures in the 
neighbourhood of 10°. 


Solubility of the Enantiotropic Forms of Phthalylphenylhydrazide 
in Chloroform. 


Pale Deep 

Tempera- yellow yellow 
ture. form. Difference. form. Ratio. 
' 5° 2-864 — 0-030 2-894 0:9896 
8 3-034 —0-013 3-047 0-9957 
/ 9 3-097 — 0-007 3-104 0-9977 
: 10 3-158 0-010 3-148 1-0031 
; 11 3-220 0-013 3-207 1-0040 
15 3-494 0-045 3-449 1-0130 
4-484 0-160 4-324 1-0370 


The solubility curves are given in Fig. 2. By plotting on a large 
scale and intrapolation, it is seen that the transition point lies a 
little above 9°4°. The solubilities in ethyl acetate and acetone at 
9° and 10° confirm this result. 


Solubility of the Enantiotropic Forms of Phthalylphenylhydrazide 
in Ethyl Acetate and in Acetone. 


Pale Deep 
yellow yellow Pale Deep 
form. form. yellow yellow 
‘Tempera- Ethyl Ethyl form. form. 
ture. acetate. acetate. Acetone. Acetone. 
9° 2-550 2-553 7-632 7-722 
10 2-613 2-601 7-792 7-707 


4-489 10°060 9-693 
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By intrapolation, the transition point is obtained as 9°2° and 
9°8° respectively. The mean of the two results is 9°5°. 


of 


Grams per 100 grams 


Grams per 100 grams of solution. 


solution. 


Fie. 1. 


25. +30 
Temperature. 


Phthalylphenylhydrazide in alcoholic solution. 
P.Y.=pale yellow form. 
D.Y.=deep ,, é 


Fia. 2. 


5 9 10 Il 12 #13 «#+%14~«115 
Temperature. 


Phthalylphenylhydrazide in chloroform solution. 
P.Y.=pale yellow form. 
D.Y.=deep ” ” 


The extremely slow rate of transformation near the transition 
point, and the very slight difference in density of the two forms do 
5 K 2 
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not allow observational or dilatometric methods of determining the 
allow the observational or dilatometric methods of determining the 
transition point to be employed. 

The solubility in ethyl alcohol of phthalylphenylhydrazide is so 
small, and the rate of transformation at the ordinary temperature 
so slow, that crystals of the two modifications suspended in a 
saturated alcoholic solution remain for months without any 
apparent alteration. In ethyl acetate, chloroform, or acetone, trans- 
formation more readily takes place. To give an idea of the relative 
rates of transformation, similar quantities of the pale yellow form 
seeded with the deep yellow form, and just covered with each of 
these solvents, were sealed up in tubes and allowed to remain un- 
disturbed at the temperature of the laboratory. In chloroform 
transformation was complete in four weeks, in acetone in seven 
weeks, and in ethyl acetate in four months. The reason why trans- 
formation takes place most quickly in chloroform is probably that 
the hydrazide is less dense than the solvent, and consequently floats 
on it. 

Similar tubes containing the yellow form seeded with the pale 
form and kept at 0° in an ice-box for a month showed no apparent 
change, the rate of transformation at this temperature having 
become exceedingly slow. 


The Transition Point of Phthalylphenylmethylhydrazide. 


Phthalylphenylmethylhydrazide affords the best example of 
dimorphism yet met with among compounds of this class, as each 
form can be easily transformed into the other (Chattaway and 
Wiinsch, T., 1911, 99, 2261). It exists in two modifications, the 
one stable at the higher temperature crystallises in bright orange- 
coloured triclinic prisms, the other stable at the lower temperature in 
monoclinic crystals of very compact habit. There is no difficulty in 
obtaining either form. When a boiling saturated alcoholic solu- 
tion is allowed to cool, the orange-coloured, triclinic modification 
separates, and when collected and dried at 100° is obtained pure. 
If this modification is allowed to remain suspended in alcohol for 
some days, pale yellow crystals of the monoclinic modification make 
their appearance and grow at the expense of the orange crystals, 
which become etched, dissolve away, and finally disappear. 

The solubilities of the two forms in alcohol were determined by 
the method previously described, and are recorded, as before, as 
the number of grams of the compound contained in 100 grams of 
the saturated solution. 
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Solubility of the Enantiotroyic Forms of Phthalylphenylmethyl 
hydrazide in Ethyl Alcohol. 


Pale Orange- 
Tempera- yellow coloured 
ture. form. Difference. form. Ratio. 
5° 0-705 0-208 0-913 1-295 
10 0-819 0-210 1-029 1-256 
15 0-999 0-214 1-213 1-214 
20 1-302 0-221 1-523 1-170 
25 1-697 0-234 1-931 1-138 
30 2-239 0-235 2-474 1-105 
35 2-922 0-283 3°205 1-079 


It was not practicable at higher temperatures to shake the 
orange-coloured form with the alcohol for three hours to ensure 
saturation without some transformation into the pale yellow form 
occurring. The transition point cannot therefore be fixed with 
exactness by solubility determinations, but by plotting the ratio 
of solubilities against the temperature and extrapolating, it is 
seen that it must lie in the neighbourhood of 55°. 

Two other methods, however, which give results correct within 
very narrow limits, are available in the case of this compound. 

The two modifications are very obviously different in colour and 
general appearance, and transformation in acetone is sufficiently 
rapid, even in the immediate neighbourhood of the transition point, 
for this to be determined by observing the growth of one form 
at the expense of the other. 

When a large crystal of either form is growing, its edges are 
sharp and distinct, but when it is dissolving they become ill- 
defined, and the whole crystal takes on a cloudy, etched appear- 
ance. 

Tubes containing a mixture of crystals, of moderate size, of the 
two forms, just covered with acetone, were sealed* up and heated 
in a bath of liquid paraffin.; Starting from about 54°, the 
temperature was raised by tenths of a degree, the bath being kept 
constant for many hours at each temperature, and individual 
selected crystals from time to time examined. 

At 55° the pale yellow crystals, and at 55°5° the orange crystals, 
were unmistakably growing, although very slowly. Between these 
temperatures no definite alteration of either form could be 


* As transformation in acetone takes place fairly quickly at the ordinary 
temperature, the sealing up must be done without delay and the tubes at once 
placed in the bath already heated to 55°, or the orafige form may have dis- 
appeared completely before this temperature is reached. 

+ To prevent excessive radiation, this was coated with felt provided with 
a small window for observation. 
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observed. The transition point must therefore be between these 
temperatures, and lie in the neighbourhood of 55°25°. 

The difference in density of the two modifications allows a dilato- 
metric method also to be used. This was found to be very sensitive, 
although the rate of transformation near the transition point is 
slow. 

A dilatometer, packed with a mixture of fairly coarse crystals 
of the two forms, and filled to a suitable height with a saturated 
solution of the compound in acetone, was placed in a constant- 
temperature bath adjusted to about 55°, and the capillary tube 
sealed off. A thermometer wired on to this tube gave the tem- 
perature of the bath and provided a scale for reading the height 
of the column of liquid. 

Experiments extending over a considerable period, during which 
the limits of temperature where opposite changes in volume 
occurred were narrowed, showed that the volume diminished at 
55° and increased at 55°2°, whilst there was no appreciable altera- 
tion at 55°1°, which may therefore be taken as the transition point. 

The following series of observations shows the degree of accuracy 
attained : 


Height of Height of 
Temp. of column Temp. of column 
Time. bath. of liquid. Time. bath. _ of liquid. 
Mon. 10p.m.... 55-01° 55-5 Wed. 6p.m. ... 55-11° 56-0 
Tues. 9a.m.... 55-00 54-6 » 10pm. ... 55-11 56-1 
- 3p.m.... 55-00 54-4 Thurs.9 a.m. ... 55-09 56-1 
» 10p.m.... 55-01 54-2 » op.m. ... 55:10 56-0 
Wed. 9a.m.... 55-00 53-6 » 9pm. ... 55-10 55-9 
Temperature raised at 9 a.m. Wed. Temperature raised at 9 p.m. Thurs. 
Height of 
Temp. column 
Time. of bath. of liquid. 
Friday 9 a.m. ......... 55-19° 58-3 
pp ERGO césexe 55°20 58-5 
90 EAR. cccccccce 55-20 58-5 
a. Tee 55-20 58-6 
Sat. 9a.m.......... 55-20 59-1 


A similar series of observations with ethyl acetate as solvent 
confirmed this result. 


Experimental Confirmation of van’t Hoff’s Deduction that the 
Ratio of the Solubilities of Enantiomerides at a Given 
Temperature is Independent of the Solvent. 


Phthalylphenylhydrazide is a substance very well suited to the 
purpose of putting van’t Hoff’s deduction to the test, as it is easy 
to obtain in the two forms and has widely differing solubilities in 
different solvents. 
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The following table gives the solubilities of the two forms of 
this compound in five different solvents at 25°, the temperature 
furthest removed from the transition point at which a complete 
series of determinations was made: 


Solubility of Solubility of 
pale yellow deep yellow 


Solvent. modification. modification. Ratio. 
IEE snccnsccten 0-910 0-882 1-032 
pO eee 0-913 0-883 1-034 
Chloroform ...... 4-484 4-324 1-037 
Ethyl acetate ... 4-654 4-489 1-037 
SEE ‘dendanréinnie 10-060 9-693 1-038 


The agreement between the ratios is remarkably close. 

Phthalylphenylmethylhydrazide is not so suitable for the 
purpose, on account of its greater solubility. A similar confirma- 
tion is found, however, on comparing the ratios of the solubilities 
of the two forms in ethyl and in methyl alcohol at 30° C. 


Solubility of Solubility of 


pale yellow orange 
Solvent. modification. modification. Ratio. 
Ethylalcohol ... 2-239 2-474 1-105 
Methyl alcohol ... 4-547 5-033 1-107 


It ought, perhaps, to be pointed out that the solubilities given 
are not concentrations, but the densities of the corresponding 
pairs of solutions do not differ sufficiently to affect materially the 
ratios. 


The authors desire to thank Mr. B. -Lambert for making much 
of the glass apparatus, and Mr. T. V. Barker, Mr. D. H. Nagel, 
and Mr. N. V. Sidgwick for many suggestions during the progress 
of the work. 
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CXCIV.—The Study of the Density and Viscosity of 
Aqueous Solutions, with Special Reference to 
Nitric Acid. Part Il.  Viscosities. 


By Witti1am Rosert Bovsrietp, K.C. 


THE present communication deals with the viscosities of a series 
of nitric acid solutions at various temperatures, the densities having 
been already given in Part I (this vol., p. 1407). The improved 
viscometer by means of which the observations were taken is also 
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described. The results are used to illustrate the general interpreta- 
tion of the viscosity-concentration curves of aqueous solutions, 
especially those in which, the radion of the solute being not far 
removed in magnitude from the radion of water, variations in the 
values of viscosity are largely determined by the variations of the 
radion of the free water brought about by variations of tempera- 
ture and concentration. 


The Viscometer. 


In 1904 the author devised a viscometer of the Ostwald, or 
gravity flow, type (Zettsch. physikal. Chem., 1905, 58, 304) which 
gave very accurate results. The present instrument embodies 
improvements on that of 1904 which render it more easy to 
manipulate and tend to increased accuracy. Various objections 
have recently been taken to the Ostwald type of viscometer, which 
have been discussed by Applebey (T., 1913, 103, 2167). Eight 
years’ experience with the present instrument has shown that an 
accuracy of 1 in 1000 is readily obtainable with this improved 
gravity flow type. 

For practical, everyday work in the laboratory it is important 
that the following requirements should be met: 

One should be able to make the volume adjustment with ease 
and precision. 

The beginning and end of the period of flow should be sharply 
marked. 

One should be able to repeat the observations with facility, 
without emptying or refilling the apparatus. 

The emptying, refilling, and cleansing of the apparatus should be 
capable of being very readily effected. 

The liquid should quickly assume the temperature of the bath. 

These requirements appear to be met in the apparatus which is 
illustrated in Fig. 1, which was further specially designed to 
exclude any inflow or outflow of air during the flow, so as entirely 
to prevent evaporation. 


Description. 


A capillary flow tube AB, having a bore of about 0°1 mm., is 
continued by a wider tube, C, of comparatively thin glass, having 
a bore of about 8 mm. The bent compound tube is provided with 
two bulbs, D and #, £ being of somewhat larger capacity than D. 
At the bottom of the bend a tube, F (of about 1 mm. bore), is 
attached, which is used for filling and emptying and for adjusting 
the level. 
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The bulb D is furnished with a nozzle, G (of about 1 mm. bore), 
opening within a cylinder, H. KX is a short constriction (also 
about 1 mm. bore) which is at the same horizontal level as G. 
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The cylinder, 7, and the bulb # both terminate in short tubes 
carrying inverted rubber stoppers, on which is mounted a connector 
furnished with a large stop-cock, Z. The bore of the plug of the 
stop-cock is about 4 mm. The connector is furnished with a side- 
5 K* 
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tube, M, and a dust-filter, V, and also with a side-tube, P. The 
cylinder, H, is furnished with a side-tube, Q. P and Q are con- 
nected by rubber tubing with a two-way cock, R, which is furnished 
on the other side with a rubber tube and mouthpiece, S, and this 
is connected when required to a filter-pump. 

The distilled water used for washing and testing the apparatus 
is kept in bottles of 6 to 10 litres’ capacity furnished with tubu- 
lures and cocks 2 or 3 cm. from the bottom, so that the water can 
be drawn off for use without disturbing any dust which may have 
settled at the bottom of the bottles. The solution to be examined 
is put overnight into a bottle of about 1 litre capacity and 
shaken so as to secure homogeneity. It is then left during the 
night, so that any dust may have time to settle. No further 
precautions against dust are found to be necessary with a flow- 
tube having a bore of about 0°1 mm. No grease is permissible 
on the taps. They should be lubricated with a small quantity of 
distilled water. 

To make the observation, the bottle containing the solution is 
carefully lifted, without shaking, until the extremity, 7, of the tube 
F, which projects sufficiently far over the side of the bath to 
permit of this, is located about in the middle of the solution. The 
tap M being closed, S is connected to the filter-pump, and rather 
more than the required quantity of the solution is slowly drawn 
into the apparatus, when the cock V is closed and the bottle of 
solution is removed. By this time, the solution will have come 
nearly to the temperature of the thermostat, having been drawn 
through the long tube, F, and the thin tube, C. The solution will 
be mainly in the bulb #. The opening of the cock Z will now 
allow the solution to run through the capillary into the bulb D. 
The excess runs over the nozzle, G, and is sucked through the side 
branch, Q, by turning tap FR into the proper position. By this 
time the temperature will be sufficiently near that of the thermo- 
stat to permit the final volume adjustment to be made. This 
consists in the removal of a drop of the solution, by slightly open- 
ing the tap V, until the liquid is exactly level with the flat top 
of the nozzle, G, on one side, and exactly conforms to the internal 
curvature of the bulb Z at the point X on the other side. The 
tap Z is now closed, the tap M opened, and the tap R placed so 
that the solution can, by means of the filter-pump, be cautiously 
drawn back into the bulb #. The mouthpiece, S, is now discon- 
nected from the filter-pump, and slight suction is applied by the 
mouthpiece, S, and the tube / to bring the level of the liquid to a 
point, A, in the capillary about one cm. down the bore, the tap R 
being closed to maintain the liquid at that level. The adjustment 
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of the level requires a little practice, but the initial velocity of the 
liquid, when the tap Z is opened to permit the flow, is so great 
that a difference of 2 or 3 mm. in the adjustment of A is usually 
of no consequence, the time for the initial traverse of this distance 
being a minute fraction of a second. 

The adjustment being now complete, the tap M may be closed. 
The tap Z is opened simultaneously with the manipulation of the 
stop-watch. At the completion of the flow, it is found best to 
press the stop of the watch at a definite point (say 5 mm.) before 
the liquid reaches the level, G. 

The observation being completed, the liquid is again drawn back 
into the bulb Z, the level readjusted, and the observation repeated. 
The sufficient accuracy of this method of procedure is shown by 
the correspondence of the duplicate observations. The tempera- 
ture of the bath is now adjusted to the point required for the next 
observation. The volume is adjusted as before at the new tempera- 
ture and the observations continued. With a bath holding from 
15 to 20 litres, and a bath thermometer graduated in tenths of a 
degree, with a scale of about 1 cm. per degree, there is no practical 
difficulty in keeping the bath within about +0°01 of a degree by 
adding small quantities of hot or cold water, without the use of a 
thermo-regulator. 

When the series of observations at different temperatures is con- 
cluded, the solution is sucked back into the bottle through the 
tube 7’, the apparatus is twice rinsed out with water, and an 
observation of the time of flow of water is taken. 

It may be noted that the rounded bend of the tube C, through 
which the solution flows upwards to the capillary, has the effect 
of allowing any chance particles heavier than water to settle at the 
bottom of the bend without being carried into the capillary, which 
appears to be a feature of some importance in the design of the 
apparatus. The theory of an apparatus of this type, in which a 
gravity flow of varying velocity is used, was dealt with in the 


former paper (loc. cit., p. 306). 


Calibration. 


Thole observes (T., 1914, 105, 2010) that ‘“‘ Water is not a suit- 
able liquid for calibration purposes, owing to its great tendency 
to flow irregularly over all but the most scrupulously clean glass.” 
This has not been the author’s experience, although it is unneces- 
sary to say that for all viscosity work the apparatus must be kept 
scrupulously clean. For aqueous solutions, however, no other 
calibration fluid than water is really admissible. It is quite true 
that there is from time to time a small variation in the time of 

5 k* 2 


1786 BOUSFIELD: THE STUDY OF THE DENSITY AND 


flow, but this is not due to irregular superficial flow. ‘This renders 
it desirable to take observations of the time of water flow at the 
beginning and end of every series of observations, and this, when 
working with aqueous solutions, is necessarily done with water. 
Another advantage in the use of water is that its viscosity at 
various temperatures has been the subject of very accurate re- 
search. Furthermore, for the study of aqueous solutions, the 
relative viscosity of solutions and of water is of most importance, 
and requires water calibration as the basis of the values. 

Very complete data for the viscosity of water are given by 
Thorpe and Rodger (Phil. Trans., 1894, [A], 185, 445), who give 
two exponential formule connecting their observations, but the 
following formula will be found to be in closer agreement with 
their experimental data up to 55° than the formula given by 
them: 

9 =0°010514{1 + 0°0251(6 — 18) + 0-000115(4 - 18)?}—1. 

The values of n derived from this formula may be taken as more 
accurate than any of the separate experimental observations, and 
are used as the basis for water calibration. The value of at 18° 
given by the formula is 

n=0°010514, 
in absolute units. 
For an apparatus of the kind described, the formula 


n= pt(a - °) 


provides an efficient correction for variations of kinetic energy and 
eddy formation. The values of the constants for the particular 
instrument used, as ascertained by the times of water flow, were: 
a=0°00002306 ; 
b=0'168. 
In the following table are given the observed times of flow with 
water, together with the values of » for water given by the water 
formula and the values of » calculated from the times of flow by 
the viscometer formula. 


TaB.e I. 
Calibration of Viscometer. 


n calculated 


Time of from visco- 
Temp- flow in Density » from meter 
erature. seconds. of water. formula. formula. Difference. 
4° 689-9 1-00000 0-015666 0-015666 + 
ll 562-7 0-99965 0-012668 0-012672 - 4 
18 472-0 0-99866 0-010514 0-010514 + 


25 405-1 0-99714 0-008900 0-008901 + 1 
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The accuracy of single experimental values of the viscosity of 
water at different temperatures in absolute units is less than +1 
in 1000. The accuracy of the values derived from the above 
formula for the viscosity of water rises to about +1 in 2000. The 
accuracy of the viscosity values, so far as it depends upon the 
calibration of the viscometer, is of about the same order. As there 
are only two available constants in the viscometer formula, it is 
clear from the above figures that the correction involved for kinetic 
energy and eddy flow within the limits of 400 to 700 seconds for 
time of flow is quite adequate. 

All observations were duplicated, and the mean time of flow 
taken, but the two times rarely differed by more than 0°2 second. 
In the observations to be recorded, the condition of the apparatus 
was tested at the end of each series by observing the time of flow 
of water. This sometimes differed from the standard time of flow 
for water by as much as two seconds. This difficulty has been dis- 
cussed elsewhere (Bousfield, Phil. Trans., 1906, [A], 206, 108), 
and has not yet been overcome. Experience has shown, however, 
that a fairly satisfactory correction may be made by correcting 
all the times of flow in the series proportionately. This is illus- 
trated by the following record of two series of figures for water 
flow taken on two separate occasions in another viscometer. It is 
about the worst case of variation recorded in this laboratory. 


TaBLeE II. 
Variation of Viscometer Flow. 


Time of flow. 


Temp- a ~ 

erature. Ist series. 2nd series. At. At/t. 
18° 615-0 620-5 5-5 0-009 
40 407-0 411-1 4-1 0-010 
70 288-3 290-9 2-6 0-009 


Notwithstanding the abnormal difference in the times, the con- 
ditions appear to have remained constant throughout each series 
of six observations, in spite of the considerable rise of temperature. 
It will be seen that the value of At/t¢ is nearly constant, enabling 
a correction to be made to the standard conditions on which the 
viscometer formula is based. 

In the nitric acid observations, the greatest difference from the 
standard time of water flow at 18° was two seconds. 


The Viscosity Observations. 


The making and standardising of the solutions have already 
been described in Part I (this vol., p. 1406). The same solution 
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at each concentration was used both for the viscosity and the 
density observations. A complete series of figures for one con- 
centration will serve to illustrate the procedure. 


TaB_eE III. 
Observations on N/16-Nitric Acid. 
Time of Corrected 
Temp- Density of flow in Mean time time of 
erature. solution. seconds. of flow. flow. n 
4° 1-00227 685-5 685-4 685-8 0-015605 
685-3 
11 1-00185 560-5 560-8 561-1 0-:012663 
561-1 
18 1-00080 471-3 471-2 471-5 0:010525 
471-1 
25 0-999235 405-1 405:1 405-4 0:008927 
405-1 
Time of flow of water at 18° ...........cccceeeeee 471-7 
Standard time of flow of water at 18° ......... 472-0 


It will be noted that in this series of observations the time of 
flow for water was 0°3 second less than the standard time for 18°. 
A proportionate correction is therefore made in all the times of 
flow, and from these corrected times and the densities the viscosity 
is calculated by means of the formula given above. 

The complete results of all the viscosity observations are given 
in the following table. 

TaBLeE IV. 


Viscosities of Nitric Acid Solutions. 


Ne 


h-i 4° 11° 18° 25° 
N 0-07016 0-015487 0-012807 0-010731 0-009176 
N/2 0-04377 0-015513 0-012684 0-010590 0-009011 
N/4 0-02740 0-015552 0-012655 0-010546 0-008969 
N/8 0-01722 0-015586 0-012651 0-010519 0-008943 


N/16 0-010826 0-015605 0-012663 0-010525 0-008927 
N 32 0-006807 0-015630 0-012672 0-010528 0-008920 
Water 0-000 0-015666 0-012672 0-010514 0-008901 


In the above table are given also the values of h-i, h being the 
concentration expressed in molecules of water per molecule of 
nitric acid, which furnishes convenient abscisse on which to plot 
the viscosities. In Fig. 2 are shown the experimental data plotted 
thereon. The vertical lines show the volume normal strengths. 
The viscosities are plotted, not in absolute units, but taking in 
each case the viscosity of water at the same temperature as unity. 
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It will be observed that there are two or three erratic values, 
especially that for V/2 at 25° and that for V/4 at 18°. These 
may be due to a defective temperature adjustment, or to a minute 
casual obstruction, but the general course of the curve is so definite 


Fic. 2. 


1°03 


1-02} —__+_+_ + —— J 
1-01 j = 4 Ile 


0°99 Neco 


N/32 N/IGN/S = N/4 N/2 N 
HNO, 


t= h-i 
y = Viscosity. 


that the small correction is easily made on a large-scale diagram. 
In table V are given the values of the viscosities 4. obtained by 
dividing the viscosities » by the respective viscosities of water at 
the same temperatures. In this table, the erratic values are 
corrected to the values shown by the curves in Fig. 2. 


1790 BOUSFIELD: THE STUDY OF THE DENSITY AND 


TABLE V. 


Viscosities of Nitric Acid Solutions in Terms of the Viscosity 
of Water at the same Temperature as Unity. 


Nw: 
4° i 18° 25° 
N 0-9886 1-0107 1-0206 1-0309 
N/2 0-9920 1-0009 1-0074 1-0138 
N/4 0-9927 0-9985 1-0022 1-0076 
N/8 0:9949 0-9983 | 1-0007 1-0047 
N/16 0-9965 0-9993 1-0010 1-0029 
N/32 0-9977 1-0000 1-0013 1-0021 


From the values given in table V, the values of the equivalent 
viscosity increment, (y,.—1)/m, are calculated, and are set out in 


table VI. 


TaBLE VI. 
Equivalent Viscosity Increments for Nitrie Acid. 
(Me —] )/m 
m. 4° 11° 18° 25° 
1 —0-0114 0-0107 0-0206 0-0309 
4 —0-0160 0-0018 0-0148 0-0276 
t —0-0292 — 0-0060 0-0088 0-0304 
4 —0-0408 —0-0135 | . 0-0056 0-0376 
hf —0-0560  —0-0112 0-0160 0-0464 
a —0-0736 0-0000 0-0416 0-0672 


Fig. 3 shows the values of (n,—1)/m, plotted on the same 
abscisse as before. 

In the Landolt-Bérnstein ‘‘Tabellen” are to be found values of 
the viscosity of concentrated nitric acid solutions at 0° and 10°. 
These values are plotted on percentages in Fig. 4. 


Discussion of the Results. 


On examining Fig. 2, one is struck at once by the fact that at 
4° increasing concentration gives diminishing viscosity throughout, 
whilst at 25° increasing concentration gives increasing viscosity 
throughout. This remarkable behaviour must be attributed to 
the abnormal constitution of water, to the change in the constitu- 
tion of water produced by change of temperature and by the action 
of the solute, and to the fact that the molecular dimensions of 
nitric acid are little different from those of water. 

In a previous paper (Phil. Trans., 1906, [A], 206, 134) reasons 
were given for regarding the viscosity of a solution to a first 
approximation as being a simple function of the relative sizes of 
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Fia. 3. 


N/32 N/16 N/S = -N/4 Ni2 


HNO.,. 
z= h-i 
y= Equivalent viscosity increment. 
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the different varieties of molecules in the solution, the term radion 
being used to denote the average molecular radius of any set or 
group of molecules. For those who are unfamiliar with the con- 
ception of the radion, an illustration will make the meaning clear. 
Assuming that water is composed of Aq, Aq, and Aqg, that the 
radii of the respective molecules are R,, R,, and R3, and the frac- 
tions of the volume occupied by each set of molecules are B,, B,, 
and Bs, we have for the radion, or average molecular radius of the 


water molecules, 


Fia. 4. 


0°035 ae 


0°030 


0-025 feo" 


HNO, 
x= Percentage. 
y = Viscosity. 


The viscosity of a liquid was approximately expressed as 
n=C,B,r, + CBr, +, ete., 
where 8 is the volume fraction occupied by any particular set of 
molecules, r the radion of the set, and C a constant which may 
vary slightly for each different set of molecules. For a first 
approximation in aqueous solutions, we may take C as a constant 
for all the hydrated ions and molecules in the solution, which gives 
the expression for the viscosity as 
n=C Br. 
On this view, the change of viscosity caused by the introduction 
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of a solute into water, assuming the solution to be so dilute that 
the change in the water radion might be neglected, was shown to 
be 
1 =CB(r! —r,), 

where 7” is the radion of the solute (comprising in the average both 
ions and molecules), 7) is the radion of pure water, and 8B is the 
volume fraction occupied by the solute. Then, when r’=ry, the 
viscosity change would be zero. But if we bring in the change 
of the water radion, which may be denoted by —6ry, and express 
the viscosity in terms of water as unity, which we can easily do, 
remembering that on this theory the viscosity of pure water is 
Cro, we get 


»- 1=p7 —%— 0 (1 — By, 
” -_ . B) 


Now, A(r’—1))/7) expresses the increase of viscosity due to the 
introduction of the volume fraction B of bulkier molecules, and 
5r,(1—B)/r, is the reduction of viscosity due to diminution dr, of 
the water radion. When these balance, the change of viscosity is nil. 

Thus, referring to the curve for 11° in Fig. 2, A is the point 
of infinite dilution where the viscosity is that of water. But at 
the points B and C we have also n,,—1=0, leading to the inference 
that at these points the increase of viscosity due to the introduc- 
tion of the bulkier molecules is balanced by the diminution of 
viscosity due to the reduction of the water radion. Between these 
points we have the maximum and minimum values indicated by 
the curve. 

There can be no doubt that the introduction of the solute into 
water not only hydrates and ionises the solute, but also changes 
the composition of the free water by the destruction of a propor- 
tion of the bulky trihydrol molecules (Bousfield and Lowry, Phil. 
Trans., 1905, [A], 204, 282), thus diminishing the radion of the 
free water. For approximate treatment, we may neglect the very 
small proportion of hydrol, or simple steam molecules, which exists 
in water at and below 25°, and consider merely the effect of the 
trihydrol and dihydrol molecules. 

Taking the figures for the density of dihydrol and trihydrol 
given by Sutherland (Phil. Mag., 1900, [v], 50, 460) and those 
for the density of fuming nitric acid given later, we have at 4°: 


molecular volume of Aq, = 3x tS = 61:41. 
08193 
2x18 

" « «=, = TGB5s = 33-16. 

= S802. 41:36, 


15237 
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The radions, which may be taken as proportional to the cube 
roots of the molecular volumes, are set out in the following table, 
together with the corresponding figures for 25°. 


TaBLe VII. 
Relative Sizes of Radions. 
4°, 25°. 
i ridieee 3-945 3-951 
Adp...ccccceeee 3-213 3-234 
HNO, ...... 3-459 3-486 


Thus, the radion of the simple unhydrated HNO, molecule is 
intermediate between those of Aq; and Aqp, and it appears that 
the temperature change in the radions is almost negligible com- 
pared with the temperature change in the viscosities. The 
viscosity and density of fuming nitric acid were determined, and 
are as follows: 


4° 11° 18° 25° 

Viscosity of water ...........+++ 0-015666 0-012672 0-010514 0-008901 
Viscosity of concentrated nitric 

BEE ccccccccvoccscsccccosssccccece 0-017303 0-014957 0-013058 0-011539 
Viscosity of concentrated nitric 

acid relative to water......... 1-104 1-180 1-242 1-296 
Density of concentrated nitric 

BOE nccccccccccsccevcccssescsccece 152373 1:51199 1-50005 1.48802 


These figures indicate that in concentrated nitric acid the mole- 
cular aggregation is greater than in the case of water, and is much 
less reduced by rise of temperature, but these aggregations would 
be completely broken down in a solution of normal strength. At 
this strength, however, it must be remembered that the undis- 
sociated HNO, molecule carries at least two molecules of water of 
hydration, which increase the relative value of the radion to 4°21. 
On dissociation of the HNO, molecule also, it certainly combines 
with at least one more water molecule. Hence we arrive at the 
conclusion that: 

(a) The nitric acid radion (including in the average both the 
undissociated and dissociated portions) is always greater than the 
water radion. 

(5) When the nitric acid molecule is completely depolymerised, 
the effect of increasing dilution, and consequently increasing 
hydration and ionisation, is to increase the nitric acid radion. 

The truth of the latter statement is further obvious from Fig. 3, 
which shows that the value of the equivalent viscosity increment 
in dilute solution rises very sharply for 11°, 18°, and 25°. It 
probably does the same in the curve for 4°, as indicated by the 
dotted line, but the experimental data are not carried sufficiently 
far to establish this point. 
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If we now bring into the account the fact that both the addition 
of solute and also rise of temperature destroy trihydrol and reduce 
the water radion, we can get a satisfactory qualitative explanation 
of the course of the curves in Fig. 2. The form of these curves is 
determined chiefly by the balance between the tendency of the 
solute to increase the viscosity by the introduction of bulkier mole- 
cules and to diminish the viscosity by reducing the water radion. 

Looking first at the curve for 4° where the proportion of tri- 
hydrol in pure water is greatest, we see that the introduction of 
nitric acid, notwithstanding its greater radion, diminishes the 
viscosity until a strength of about 3N is reached. We must 
attribute this to the destruction of trihydrol, and consequent lower- 
ing of the water radion, which more than balances the effect of 
the introduction of the nitric acid with its larger radion until 
about 3N-strength, after which, with increasing concentration, the 
increasing proportion of the bulkier HNO, molecules, and later 
on the polymerisation of the HNO, molecules, ultimately bring the 
value of yn» up to 1°104. 

Examining now the curve for 25°, the proportion of trihydrol 
molecules at that temperature is so much less, and therefore the 
proportionate diminution of the water radion by the action of the 
solute so much less, that the successive additions of the bulkier 
HNO, molecules increase the viscosity throughout, as is indicated 
by the rise of the curve. 

In neither of these two curves is the effect due to ionisation 
changes visible to the eye. In the two intermediate curves, how- 
ever, the balance is so delicate between the two opposing tendencies 
above noted that the effect of ionisation and increased hydration 
in the more dilute solutions is visible. This is shown in the rise 
of the curves as they depart from the origin, in the region of 
greatest dilution where the hydration of the ions and molecules is 
greatest, before the diminution of the water radion with increas- 
ing concentration begins to reduce the viscosity. All the curves 
will, of course, ultimately rise to the high values given for fuming 
nitric acid. 

Turning now to Fig. 4, we find a sharp maximum at 63°6 per 
cent., which corresponds with h=2. <A glance at the density curve, 
Part I, Fig. 3 (this vol., p. 1419), shows the existence here of a 
definite hydrate, HNO,,2H,O. At this point, if we calculate the 
density of the added water on the hypothesis that the density of 
the nitric acid itself is unchanged, we get the figure 1°684. There 
is no doubt some contraction of the nitric acid itself which would 
somewhat reduce the figure for the water density, but the high 
value clearly indicates that there is almost no free water present. 
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There being no trihydrol in the solution either at 0° or at 10°, the 
position of the maximum is unaffected by temperature, as is shown 
by Fig. 4. Thus, the complete curves from 0 to 100 per cent. at 
the temperatures of 11° and 18° would each show two maxima 
and one minimum. 

The meaning of maxima and minima values in viscosity-con- 
centration curves has been a subject of much discussion (see, for 
instance, Bousfield, Phil. Trans., 1906, [A], 206, 137, and Thole, 
Mussell, and Dunstan, T., 1913, 103, 1108). It appears clear that, 
in the case of aqueous solutions, maxima and minima points have 
no constitutional significance except where the number of water 
molecules does not exceed two or three. One test of this is whether 
the maximum or minimum persists at the same concentration at 
different temperatures. In the case of the curves for potassium 
chloride, given in a former paper (Bousfield, Zeitsch. physikal. 
Chem., 1905, 58, 309), we have also minima which shift with 
temperature. They occur 

at 15° at about 13 per cent. concentration, 
”» 18° ”» 12 ” ” 
”» 21° ” 10 ” ” 


with indications of a maximum in the most dilute solutions. 

The case of nitric acid brings out very clearly that the change 
of the water radion with temperature and concentration is one of 
the most important factors in determining the course of the 
viscosity curve in aqueous solutions. 

Griineisen has made a systematic study of the equivalent 
viscosity increment curves of a number of electrolytes at 18° (Wess, 
Abhand. der Phys. Tech. Reichsanstalt, 1905, 4, 250), and suc- 
ceeded in representing them approximately by the simple formula 

(nw — 1)/m=Aa+ B(L -—a)+Cm. 
where a is the ionisation of the solution. At great dilution, where 
a=1 and m=0, we have, therefore, A as the limiting value of the 
equivalent viscosity increment at great dilution. Further, he 
showed that the values of A could be split up into additive com- 
ponents, one for each ion, which represented “the viscosity of a 
normal solution of the ion.” For a group of univalent ions, he 
further showed that the values of these viscosity components of 
the ions could be approximately represented by 

9, = 0°793 + 13°3/l, 

where J represents the mobility of the ion at infinite dilution. In 
1906 (loc. cit.) it was shown by the author, by the application of 
Stokes’s law, that 1/1 was proportional to the ionic radion, thus 
correlating viscosity with ionic size This simple treatment gave 
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an extremely valuable insight into the relationship between 
viscosity and ionic size, and molecular size generally, but the pre- 
sent results show that the validity of Griineisen’s extrapolation is 
of a limited character. This is partly owing to the fact that the 
extrapolation is based mainly on solutions of such a high concen- 
tration that increase in ionic size in the stages of great dilution is 
not adequately brought into the account. Further, it now appears 
that the influence of the solute on the free water altogether alters 
the character of the curve at different temperatures, and necessi- 
tates a much more complex formula for its representation. Thus, 
it may be seen from Fig. 3 that whilst at 25° the nitric acid curve 
is of the same general character as those studied by Griineisen, at 
18° it begins to depart from it, and at 4° is completely reversed. 
It is possible that it may turn upwards again, as indicated by the 
dotted line in the figure, but it is clearly hopeless by the applica- 
tion of Griineisen’s expression to extrapolate with accuracy to the 
limiting value at great dilution. When the effect of the solute on 
the radion of the free water by reduction of trihydrol has received 
fuller investigation, it will be possible to devise a formula that 
will be approximately true at different temperatures. In the 
meantime, it is clear that such generalisations should be based on 
a temperature of not less than 25°, at which temperature the pro- 
portion of trihydrol in water is so reduced that the effect of the 
solute upon it is much less marked. 

The above observations lead to the conclusion that the elabora- 
tion of the general theory of viscosities must be sought in con- 
nexion with experiments on either aqueous solutions at high 
temperatures, or, better still, solutions in a solvent in which the 
association of the molecules of the solvent is much less affected by 
the solute than is the case with water. They also indicate that 
the viscosity of dilute aqueous solutions cannot be theoretically 
treated except in conjunction with the effect of the peculiar con- 
stitution of water. 


St. SwiITHINs, 
Henpon, N.W. [Received, November 4th, 1915.] 
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CXCV.—The Vapour Pressures of Some Saturated 
Aqueous Solutions. 


By Matcotm Percitva AppLEBEY and WILLIAM HuGHEs. 


Tue osmotic properties of concentrated solutions are, as is well 
known, not in accordance with van’t Hoff’s dilute solution law. 
Several formule have been proposed, of which those of Lord 
Berkeley and E. G. J. Hartley (Proc. Roy. Soc., 1907, [A], 79, 
125) and van Laar (Zeitsch. physikal. Chem., 1894, 15, 457) are 
perhaps the most successful. These formule are, however, partly 
or wholly empirical, and do not greatly add to our understanding 
of the osmotic laws for these systems. The factors which deter- 
mine the osmotic relations of concentrated solutions are so com- 
plex that it is scarcely to be expected that any simple formula 
will describe satisfactorily the results observed with different solu- 
tions. Whilst, however, a quantitatively satisfactory theory of 
concentrated solutions is lacking, it is nevertheless possible to state 
certain qualitative generalisations as the result of the numerous 
investigations of such systems and to use them as a basis of further 
investigations. 

It is almost invariably found that the osmotic pressure of a 
solution is greater than that calculated from the dilute solution 
law (R7c), and the deviation always becomes greater as the con- 
centration increases, or, in other words, P/c is not a constant as 
the simple law demands, but increases with the concentration. 
Thus, for sucrose solutions at 0° the determinations of Lord 
Berkeley and Hartley (Phil. Trans., 1906, [A], 206, 481) give 
values of P/c rising from 22°4 atm. per gram-molecule for very 
dilute solutions to 60°96 for a solution containing 2°194 gram- 
molecules per litre. 

This general phenomenon suggests that osmotic pressure is a 
logarithmic function of the concentration in some such manner as 
is given by van Laar’s thermodynamic equation, 

P=-—-RTIn(1-2z), 
where z is the concentration of the solute expressed as a molecular 
fraction. This equation, however, is not in quantitative accord 
with the actual determinations.* 


* By the addition of an empirical term + az? van Laar has obtained agree- 
ment with Morse’s results for sucrose up to normal solutions. The empirical 
equation fails to represent the determinations of more concentrated solutions. 
It may also be pointed out that no such equation can be applicable to all 
cases, since as Lord Berkeley has shown (Phil. Mag. 1912, [vi.] 24, 254) the 
ease of partial miscibility of liquids requires the equality of the osmotic 
pressures of three solutions of different concentrations. 
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Interesting cases of concentrated solutions are the saturated 
solutions of inorganic salts investigated by Lord Berkeley (Phil. 
Trans., 1904, [A], 208, 189), and Lord Berkeley and Applebey 
(Proc. Roy. Soc., 1911,*[A], 85, 489). In accordance with the 
rule stated above, it was found that the values of P/c, the osmotic 
pressure per gram-molecule, were always greater than those calcu- 
lated from van’t Hoff’s law, and in the case of the highly soluble 
salts were even greater than those calculated on the assumption of 
complete dissociation. Thus thallium chloride, a sparingly soluble 
substance, gave P/c=57'0, whilst cesium chloride, which has a 
high solubility, gave P/e=114°5. The value of P/c from the 
dilute solution law is about 31 atm. per gram-molecule in these 
cases. 

The only exception to this general rule is the saturated solution 
of thallium nitrate. This salt is very soluble at the boiling point 
(11°058 gram-molecules per litre), and its saturated solution should 
give a value of P/c in the neighbourhood of 100 atm. per gram- 
molecule. The value calculated from the boiling-point determina- 
tions of Berkeley is, however, only 23°9 atm. per gram-molecule, a 
result which is not only considerably less than that given by any 
other salt, but is actually less than the value calculated from the 
dilute solution law on the assumption that no dissociation takes 
place; or, whilst 12°276 gram-molecules per litre of sodium 
nitrate raise the boiling point of water by more than 20°, 11°058 
gram-molecules per litre of thallium nitrate only produce a rise 
of 4°7°. This remarkable observation seems to point to association 
of considerable magnitude in solutions of this salt. 

The method of experiment used in these determinations was a 
modification of the much used Landsberger-Sakurai method of 
determining boiling points. Steam was blown through the solid 
salt until a saturated solution was obtained in equilibrium with 
the steam passing through. The temperature of the mixture of 
crystals and saturated solution was measured by means of mercury 
thermometers in the earlier and platinum resistance thermometers 
in the later work. It has been shown by the above authors that 
a high degree of accuracy can be obtained by this method except 
in the case of very soluble salts. Such salts pass into solution so 
rapidly in the course of experiments of the kind described that it 
is difficult to be certain that equilibrium has been set up before 
the whole of the solid salt has disappeared. Sodium nitrate, 
rubidium nitrate, and thallium nitrate in particular were found 
to be extremely difficult to work with under the above conditions. 
Lord Berkeley (/oc. cit.) endeavoured to overcome the difficulties 
by surrounding the experimental vessel with an oil-bath at a 


1800 APPLEBEY AND HUGHES: THE VAPOUR PRESSURES 


temperature sufficiently high to prevent too rapid condensation of 
steam. In spite of this device, the measurement of boiling point 
in such cases remains one of great difficulty, and the errors of 
determination may well be considerable. 

In view of these circumstances’ and the highly anomalous 
character of the results obtained for thallium nitrate, it seemed 
desirable to make further measurements with this salt so as to 
confirm or disprove the remarkable result of Berkeley. With this 
object, the authors have determined the vapour pressures of satu- 
rated solutions of the salt in the neighbourhood of the boiling 
point by a static method. At the same time, the measurements 
have been extended for a considerable range of temperature below 
and above the boiling point under normal pressure in order to 
find out how the osmotic conditions of such a system vary with the 
temperature. Measurements have also been made with sodium 
nitrate and sodium sulphate solutions in order to test the accuracy 
of the methods adopted. 


ExPERIMENTAL. 


The vapour pressures were determined by means of a mercury 
U-tube manometer 3 mm. in diameter open to the air on one 
side, and on the other connected to a bulb 3°5 cm. in diameter 
containing the saturated solution, together with a considerable 
amount of solid salt. The surface of the solution was always at 
the widest part of the bulb, whereby errors due to curvature of 
surface were as far as possible avoided. 

The main difficulty in setting up the apparatus lay in ensuring 
that the solution itself and the vapour space above it were quite 
free from air. This can only be effected if the solute and solvent 
both freed from air are brought together in a vacuum, since it is 
practically impossible to remove completely the air entangled in 
the interstices of small crystals after they are once wetted. The 
apparatus by which this process was carried out is shown in Fig. 1. 
ABCD is the vapour pressure apparatus proper referred to above, 
D being the bulb in which the solution is contained. B is a well- 
ground, wide-bore tap, and A a funnel for the introduction of the 
mercury. It is sealed by way of the constrictions M and W to the 
vertical tube FG. Between MU and JX is a side-tube, Z, graduated 
in c.c., which serves to measure the amount of water used in 
making the solution. The upper end of the tube F@ is sealed 
by way of the constriction Q to an automatic Sprengel pump. 
The lower end of FG consists of a breakable partition of the kind 
devised by Lambert (T., 1912, 101, 2056), by means of which the 
rest of the apparatus is shut off from the part already described. 
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We would take this opportunity of thanking Mr. Lambert for 
much useful advice as to the construction of this part of the 
apparatus and for the loan of a silica-encased bullet of iron, shown 
at K, by the fall of which the partition at G was broken at the 
proper moment. Beneath @ is a flask, J, with a side-tube, H, 
through which a preliminary exhaustion of the water in J could 


Fie. 1. 
k 


be performed. Another side-tube, Z, leading from the trap was 
used for the final exhaustion. 

The method of using the apparatus may now be described. A 
weighed amount of the pure dry salt in the form of fine crystals 
is introduced into D, the neck of which is then sealed. A suit- 
able quantity of mercury is then introduced into the manometer 
by the funnel A. The air is then removed from the manometer 
by applying suction at A, and B is closed when the mercury has 
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risen above it.* The whole of the apparatus above the partition 
G is then exhausted by the Sprengel pump to a pressure less than 
0°001 mm., and the constriction at @ is sealed off. The Sprengel- 
pump is then sealed to a large sulphuric acid drying tube, which is 
sealed to the side-tube of G. Water which has been boiled under 
diminished pressure is now introduced into J and evaporated to 
half its bulk through H, which is attached to the water-pump. 
H is then sealed off, and the exhaustion continued with the 
Sprengel-pump until the pressure of the residual air is less than 
0001 mm. During this final exhaustion, the vapour passes 
through the inner tube of the trap and washes out all the air 
from the blank end formed by the partition. When the exhaus- 
tion is complete, the connexion to the Sprengel-pump is sealed off ; 
the apparatus now contains on opposite sides of the partition G 
the dry salt and pure water, free from air, both in a vacuum. 
G is then broken by tilting the apparatus until the bullet at K 
falls, thus establishing connexion between the two parts of the 
apparatus. The graduated tube 7 is then cooled in ice, whilst 
PD is surrounded with hot water to prevent water from condensing 
on the salt. Distillation takes place, and # gradually fills with 
water. When as much water has been collected as will dissolve 
about half the salt at the boiling point of the solution, V is sealed 
off. The water in Z is then distilled on to the salt in D, and M 
is sealed off. The apparatus is now filled with a known quantity 
of salt and water free from air, and is ready for the deter- 
minations. 

The Constant Temperature Bath.—A large beaker, about 22 cm. 
wide and 30 cm. in height, was wrapped in hair felt in which a 
narrow opening was cut. Through this opening, which was 
covered by a flap of hair felt when not in use, readings were taken 
of the levels of mercury in the manometer and of the temperature. 
The bath was filled with white paraffin (paraffinum liquidum alb., 
B.P.). This substance was found to be suitable for the purpose; 
it is almost non-volatile at the temperatures of these experiments 
and is quite mobile. The main heater consisted of a bare platinum 
wire wound round a glass coil. The current from the town main 
was passed through this wire, and was controlled by means of a 
regulating resistance so as to provide sufficient heating to keep 
the bath at a temperature some five or ten degrees below that 
desired. Regulation of temperature was effected electrically by 
means of a regulator of the simple Ostwald type filled with 


* The tap B is lubricated after the introduction of the mercury so as to 
avoid any transference of lubricant to the vapour side of the vapour pressure 
apparatus. 
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paraffin of high boiling point. Condensers were connected across 
the spark-gaps in the electrical circuits, and the surface of the 
mercury was kept gently moving by attaching the regulator to 
the stand which supported the stirrer (Applebey, T., 1913, 108, 
2167). These arrangements made it possible to keep the tempera- 
ture satisfactorily constant for long periods, the variations being 
hardly ever more than 0°02° from the mean during a run. 

Thermometers.—Three thermometers were used in the course of 
the work, namely: (1) a thermometer made by Gallenkamp read- 
ing from 90° to 130°; (2) a thermometer of Jena normal glass 
made by Hicks reading from 100° to 130°; (3) a normal thermo- 
meter of Jena normal glass supplied by Gallenkamp reading from 
50° to 100°. All these thermometers were graduated in wide 
tenths of a degree, and the temperatures measured could easily be 
estimated to 0°01° by means of a reading lens. All the thermo- 
meters were standardised by the National Physical Laboratory, 
and the 100° mark was checked at frequent intervals. The first 
of the three thermometers, which was used for most of the work 
on sodium nitrate, was found to suffer considerable change of 
steam point under the conditions of these experiments. Our thanks 
are due to Lord Berkeley, who very kindly allowed us to compare 
it with his standard Baudin thermometers during the course of 
the determinations. Corrections for emergent column were 
avoided in most experiments, but where necessary were calculated 
by Thorpe’s formula. 

Materials—The salts used were obtained from Kahlbaum. 
The sodium nitrate and the sodium sulphate (decahydrate) were 
guaranteed free from all impurity save a very slight trace of 
potassium. The thallium nitrate was recrystallised many times 
from the purest water before use. Spectroscopic examination 
showed it to be practically free from impurity. The crystals of all 
the salts were powdered, dried on the water-bath, and kept in a 
vacuum desiccator for several days before being used in the deter- 
minations. The water used in the work was obtained by redis- 
tilling the laboratory distilled water twice in an apparatus con- 
structed entirely of glass; it was freed from air by boiling under 
diminished pressure. All glass apparatus was cleaned with chromic 
acid and sulphuric acid and washed with redistilled water. 

Vapour-pressure Measurements.—The apparatus was inserted 
into the bath when the latter was at a temperature of 60°. The 
bath was then gradually heated, and when the approximate boiling 
point of the solution had been reached, the tap B was carefully 
opened and the key of the tap removed. The level of the mercury 
in the manometer was adjusted by adding or removing mercury by 
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means of a capillary pipette, so as to bring the mercury in both 
arms to a readable position, the mercury in the inner arm being 
in the part of the same diameter as the outer arm ; thus no correc- 
tion for capillarity was required. The levels of the mercury were 
read through the window by means of a cathetometer which stood 
on a sheet of plate-glass on a steady table. Readings were taken 
every five minutes during a space varying from two to ten hours. 
It was found that after altering the temperature of the bath the 


vapour pressure very quickly settled down to its new value, steady. 


readings being obtained after about an hour. The barometer was 
read every twenty-five minutes, and the usual corrections applied 
as given in Landolt and Bérnstein’s “Tabellen.” The following 
sample page from the laboratory note-book will illustrate the 
method of measurement employed. Some of the measurements 
with thallium nitrate were made at a temperature so low that the 
vapour pressure could not be measured by the simple manometer 
used in the majority of the experiments. In such cases we were 
able to obtain satisfactory results by sealing to A another mercury 
manometer extending outside the constant temperature bath, the 
space between the two mercury columns being partly exhausted 
by means of a side-tube before the tap B was opened. Readings 
were then taken on both manometers. In the tables, A is the 


TaBLeE I. 
Sodium Sulphate. February 26th, 1914. 


Manometer 
readings. 

Temper- -—-—, A Baro- Temp. Bar. Vapour 
ature. Left. Right. (corr.) meter. of bar. (corr.) pressure. 
102-42° 39-6 27-5 11-9 755-0 12-4° 753-9 742-0 
102-42 39-6 27-4 120 — — 741-9 
102-40 39-6 27-4 120 — — 741-9 
102-40 39-6 27-4 12-0 741-8 
102-40 39-6 27-4 12-0 741-8 
102-41 39-6 27-5 11-9 741-9 
102-40 39-5 27-4 11-9 741-9 
102-40 39°5 27-4 11-9 741-9 
102-42 39-5 27-4 11-9 741-9 
102-41 39-5 27-4 11-9 741-9 
102-41 39-5 27-4 11-9 741-9 
102-42 39-5 27-5 11-8 742-0 
102-41 39-5 27-5 11-8 742-0 
102-41 39-5 27-5 11-8 742-0 
102-40 39-5 27-4 11-9 741-9 
102-41 39-5 27-4 11-9 741-9 
102-41 39-4 27-4 11-8 742-0 
102-41 39-4 27-4 11-8 742-0 
102-40 39-5 27-4 11-9 741-8 
102-39 39-4 27-4 11-8 741-9 
102-39 39-4 27-5 11-7 742-0 
102-43 39-4 27-4 11-8 741-9 
102-41 39-4 27-5 11-7 742-0 
102-41 39-4 27-5 11-7 742-0 
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difference between the two mercury levels; A(corr.) is the same 


corrected to 0°. 
In all, forty-six readings were taken in this determination, 


giving a mean value of 742°0 mm. at 102°40°; corrected values, 
743°0 mm.* and 102°28°. 
RESULTS. 
Sodium Nitrate. 
Sodium nitrate was chosen as the first substance with which to 


test the static method, since it is a salt comparable in solubility 


Fie. 2. 


Vapour pressures of sodium nitrate solutions. 


so 


< 


750 }--—1. 
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120° 121° 122° 123° 


740 


with thallium nitrate and Lord Berkeley and Applebey had 
succeeded in obtaining satisfactory measurements by the dynamic 
method. The values obtained are given in table II and Fig. 2. 
In the table, the first column indicates the number of readings 
taken, the average of which gives one point on the curve; the 
second gives the observed temperatures; the third the corrected 
temperature; the fourth the corrected vapour pressure; the fifth 
and sixth give the dates when the apparatus was put into the 
bath and when the measurements were made. 


* This differs from the observed vapour pressure by +1-0 mm., the error 
of our barometer. 
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TaB_e II. 


No. of Vapour 
readings. Obs. temp. Corr. temp. pressure. Putin. Point taken 
9 120-59° 120-40° 755-5 25.6.13 
11 120-68 120-49 757-7 
120-77 120-58 758-7 
121-39 121-20 772-3, 
121-37 121-18 772-2 
121-42 121-23 775-0 
122-26 122-07 791-0 
122-76 122-56 800-4 
123-37 123-17 811-6 
123-09 122-89 806-3 
120-96 120-77 763-45 
120-06 119-88 744-4 


PPT TTI tt 


Lord Berkeley and Applebey’s boiling point is indicated by a 
square on the curve; it lies a considerable distance above our 
curve, the difference being 9 mm., or 0°38°, at the boiling point. 
The low boiling point obtained by the dynamic method may be 
partly due to the fact that the water used in the Foxcombe experi- 
ments was not freed from air. The steam which passed through 
the saturated solution contained air, and the actual pressure of 
water vapour in equilibrium with the salt solution was less than 
the barometric pressure. This would, however, be only a small 
effect, though with the more soluble substances the error would 
be more considerable, since the whole determination is then per- 
formed with the first quantity of steam which passes off. The 
discrepancy is more probably to be ascribed to the unsuitability of | 
the dynamic method for determining boiling points of saturated 
solutions in the case of very soluble substances. 

The divergence between the results given by the two methods, 
which although small was by no means negligible, rendered it 
advisable to test the static method with another substance. We 
chose sodium sulphate for this purpose. This substance had been 
very carefully investigated by Lord Berkeley and Applebey. 


Sodium Sulphate. 


In the following table (Table III) are recorded the values 
obtained for the vapour pressures of saturated solutions of sodium 
sulphate. The results are represented by the curve (Fig. 3), on 
which Lord Berkeley and Applebey’s boiling-point determination 
is again represented by a square. 
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TasLe III. 


Sodium Sulphate. 


No. of Vapour Point 
readings. Obs.temp Corr. temp. pressure. Put in. taken. 


7 104-425° 104-245° 799-1 11.11.13 13.11.13 
21 103-96 103-78 789-35 —_ 14.11.13 
28 103-37 103-21 770-0 _ 16.11.13 
63 103-50 103-34 767-1* 20.2.14 24.2.14 
59 101-40 101-33 715-8 _ 25.2.14 
46 102-40 102-28 743-0 — 26.2.14 


* This point is for some unexplained reason quite inconsistent with the 
remainder of the observations. It has been ignored in drawing the curve. 


Fie. 3. 
Vapour pressures of sodium sulphate solutions. 
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102° 103° 104° 


It will be observed that the discrepancy between the two methods 
is in this case only 0°035°; the agreement was regarded as suffici- 
ently good to permit the use of the experimental arrangements 
described for the further measurements. 

There were many accidents to the apparatus during the work 
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on sodium sulphate. In several experiments cracks appeared in 
the apparatus before any measurements could be taken, and even 
in the most successful experiments the apparatus did not seem 
able to withstand the temperature of the bath for more than a few 


Fia. 4. 
Vapour pressures of thallium nitrate solutions. 
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days without cracking at the points of strain. On examining some 
of the broken parts, it was found that a glassy scale of uniform 
thickness could be peeled off the whole inner surface of the appar- 
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atus. The parts in contact with the vapour seemed to be affected 
quite as much as those with which the solution itself was in contact. 

This change, which was probably of the nature of devitrification, 
was not observed in any of the experiments with sodium nitrate 
or thallium nitrate. It is possible that some slight chemical action 
takes place between sodium sulphate and glass, but neither calcium 
nor silicic acid could be detected in the contents of the flask after 
the experiment. The attacking of the glass in the vapour space 
is probably due to creeping of the solution up the walls. 


Thallium Nitrate. 


The values obtained for this salt are given in the accompanying 
table (Table IV) and represented in Fig. 4. It will be seen from 
column five of the table that three different fillings were used ; 
these agreed very satisfactorily. The boiling point determined by 
Lord Berkeley is again represented by a square, this value being 
the mean of two observations, namely, 104°1° at 756°8 mm. and 
104°8° at 768°1 mm. Our observations agree very well with his, 
the difference being only 0°07°. 


TaBle IV. 


Thallium Nitrate. 


No. of Vapour 
readings. Obs.temp. Corr. temp. pressure. Put in. 
104-35° 104-17° 753-8 16.2.13 
104-23 104-05 743-0 25.4.14 
103-90 103-73 743-0 
104-49 104-30 755-0 
105-33 105-12 773-0 
106-25 106-11 795-8 
106-13 106-00 795-1 
107-00 106-83 813-4 
109-04 108-84 859-1 
108-48 108-29 842-3 
107-73 107-54 827-6 
107-87 107-68 826-6 
108-39 108-19 836-1 
103-96 103-79 740°5 
103-31 103-15 725-2 
102-01 101-86 699-0 
101-09 100-98 679-5 
100-13 99-99 659-8 
98-02 97-91 623-7 
96-92 96-78 603-7 
95-48 95-30 577-3 
93-78 93-55 547-1 
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Temperature-coeficients of Vapour Pressure. 


Lord Berkeley and Applebey obtained values for the variation 
of boiling point with pressure from their determinations at 
5L2 
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different barometric pressures. The temperature-coefficients thus 
obtained were subsequently used in order to reduce all the observa- 
tions made with varying depths of solution and at different baro- 
metric pressures to uniform conditions, so that the boiling point of 
an infinitely thin layer of solution could be obtained by extrapola- 
tion. It is therefore of some importance to compare the tempera- 
ture-coefficients used in the dynamic determinations with those read 
from the curves obtained in the present work. In the present 
static determinations, the range of pressure is greater and the 
disturbing factor of varying height of solution is absent, so that 
the values now obtained should be much more accurate. 

Sodium Nitrate.——Lord Berkeley and Applebey obtained dT7'/dp 
at 745 mm.=0°00835° per mm. greater than d7/dp for water, 
which gives dp/dT=21'9 mm. per degree. The tangent to the 
curve in Fig. 2 at 745 mm. gives 22°0 mm. per degree. The agree- 
ment is all that could be desired. 

Sodium Sulphate—Lord Berkeley and Applebey obtained 
dT/dp at 745 mm.=0°00052° per mm. greater than dT/dp for 
water, which gives dp/d7=26°4 mm. per degree. ‘The tangent to 
the curve in Fig. 3 at 745 mm. gives 28°5 mm. per degree. The 
discrepancy is not great, but it should be noted that the new 
determinations, unlike the old, give dp/dT for the solution as 
slightly greater than the value for water (26°7), a result which is 
inherently more probable, since the solubility of the salt diminishes 
as the temperature rises. 

Thallium Nitrate-——Two determinations made by Lord Berkeley 
give dp/dT at 762 mm.=16°1 mm. per degree. The value from 
our curve is 22°3 mm. per degree. The divergence is large, but 
not surprising, as the dynamic method is very unsuitable for this 


salt. 
The temperature-coefficients at 760 mm. read from our curves 


are: 


NaNO, dp/dT=21°'3 mm. per degree. 
Na,SO,, dp/dT =29°2 ” ” ” 
TINOsg, dp/dT =22°3 ” ” “ys 


Non-volatility of Thallium Nitrate. 


It is just conceivable that the low boiling point of the saturated 
solution of this salt might be due to considerable volatility of the 
salt itself at the temperatures of these experiments. We have 
therefore made experiments to test this point. A few grams of 
the salt. were sealed up in a long, wide tube having a side-tube at 
right angles near the end which did not contain the salt. The 
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tube containing the salt was then put into the oil-bath at 104°, 
whilst the side-ttube was kept at room temperature. In another 
experiment a little water was added to the salt before sealing. 
The apparatus was in each case well exhausted by the Sprengel- 
pump before sealing, and was left in the bath for several weeks, 
but in neither case was there any sign of distillation of salt. 
Thallium nitrate is thus completely non-volatile at 104°, both dry 
and in the presence of water. 


Osmotic Pressures of the Solutions. 


The osmotic pressures of the saturated solutions of the three 
salts were calculated at regular intervals over the whole range of 
the experiments from the vapour pressures read off the experi- 
mental curves. The calculations were performed by means of the 
equation developed by Porter (Proc. Roy. Soc., 1907, [A], 79, 
521) for the case where the solution is under the pressure of its 


To 
= vdp 9 
Tr 


own vapour, 


in which mo) and 7, are the vapour pressures of solvent and solu- 
tion, v and wu are the specific volumes of the solvent in the state 
of vapour and liquid, respectively, and P, is the osmotic pressure 
of the solution under the pressure of its own vapour. Porter’s 
equation can be solved with sufficient approximation (compare 
Lord Berkeley, Hartley, and Burton, Phil. Trans., 1909, [A], 209, 
177) by transformation into the equation 


Teo’ 
Pe = 22 In 9/72 - Ty) + Tr 
uU 


in which @ is the mean value of uw between am and 7,-P,, and 
can be obtained from the known compressibility of water (compare 
Worthington, Phil. Trans., 1892, [A], 188, 355), and v) is the 
specific volume of saturated water vapour at the temperature of 
experiment. The osmotic pressures can easily be found from this 
equation by a method of approximation, using first the value of 
u at p=1 in order to obtain an approximate value of P,. The 
osmotic pressures are collected in the accompanying table (Table 
V), in which ¢ is the molecular concentration of the saturated 
solution as determined by Lord Berkeley (loc. cit.) and P/e gives 
the osmotic pressure per gram-molecule. 
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TABLE V. 
Osmotic Pressures of Saturated Solutions. 


Vapour Vapour 

Pressure of pressure of Osmotic Molecular 

solvent solution pressure concentra- 
Salt. Temp. Too: ™™, P (atm.). tion c. P/e. 
NaNO, 120 1491-3 747-0 1089-5 12-265 88-83 
121 1539 768-35 1094-9 12-315 88-91 
122 1588 788-9 1104-2 12-362 89-32 
123 1639 808-6 1116-3 12-411 89-94 


Na,SO, 787-8 706-4 172-2 2-597 66-30 
1 816-1 734-8 166-2 2-593 64-09 

845-3 763-7 160-6 2-589 62-03 

875-5 794 154-8 2-586 59-85 


TINO, 611-04 554-4 147-1 6-230 23-61 
657-69 588-9 173-3 6-760 25-64 

707-29 624-5 195-9 7-323 26-75 

760-00 661-8 217-8 7-990 27-26 

816-1 702-3 237-0 8-775 27-01 

875-5 745-3 254-5 9-816 25-93 

938-5 792-0 268-8 11-257 23-88 

1006-0 839-0 288-4 (13-44) (21-46) 


In the case of the last value, the extrapolation of the solubility 


is very uncertain. 

The values of P/c are plotted against concentration in Fig. 5. 

It will be seen that in the case of the two sodium salts P/c 
rises steadily with increasing concentration, whilst in the case of 
thallium nitrate P/c first increases, reaches a maximum at about 
100°, and then falls continuously. The actual values of P/c are 
also much lower than in the case of the other two salts. These 
variations are most simply accounted for by the supposition that 
the curve is the resultant of two effects, namely: (1) the normal 
effect of increase of P/c with concentration found with other 
substances ; (2) a factor which diminishes the osmotic pressure per 
gram-molecule with increasing concentration. The latter factor 
can only be association of the salt. In view of the complicating 
factor of dissociation in salt solutions, no estimate of the actual 
molecular size can be given, but by comparing the sodium nitrate 
and thallium nitrate curves, the mean molecular size of thallium 
nitrate would appear to be about four times that of sodium nitrate 
of similar concentration. 

It is, of course, possible that sodium nitrate may also be 
associated to some extent in concentrated solutions. On this 
point the present investigation gives no information. It does, 
however, establish the existence of association for one salt, and 
justifies the view that association is a phenomenon which may 
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occur widely in concentrated solutions. We would also suggest 
that, since the saturated solutions of thallium nitrate contains a 
very high percentage of salt, it is at least possible that the pheno- 


Fie. 5. 


OP 
— $c curves. 
c 


2-588 2°592 2°596 6 8 10 +12 
gram mol./litre, 


menon of association continues as water is removed until the pure 
fused salt is reached. 


Summary and Conclusions. 


(1) The vapour pressures of saturated solutions of sodium 
nitrate, sodium sulphate, and thallium nitrate have been deter- 
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mined by a static method over a range of temperature in the neigh- 
bourhood of their boiling points. The two last-named salts gave 
results in excellent agreement with those obtained by Lord 
Berkeley by the dynamic method. 

(2) A thermostat working at 100—120° with an accuracy of 
0°02° has been described. 

(3) The low boiling point of saturated thallium nitrate solutions 
is not due to volatility of the salt. It is probably occasioned by 
the association of the salt. 


The expenses of this investigation were partly defrayed by a 
grant from the Research Fund of the Society, for which our 
thanks are gratefully rendered. 


Sir LEOLINE JENKINS LABORATORY, 


JEsUS COLLEGE, 
OxForD. [Received, October 20th, 1915.] 


CXCVI.—N-Halogen Derivatives of the p-Halogen- 


substituted Benzenesulphonamides. 
By Rosert REGINALD Baxter and FREDERICK DaNnIEL CHATTAWAY. 


THE recent employment of the soluble sodium salts of various 
sulphonmonochloroamides in the treatment of infected wounds 
(Dakin, Brit. Med. J., August 28th, 1915) has directed consider- 
able attention to these substances. The simpler compounds which 
have hitherto been used were described some ten years ago (Chatta- 
way, T., 1905, 87, 145); the present paper contains an account of 
a number of similar substances containing halogen also in the 
nucleus, some of which may prove to be of practical utility. The 
sulphondichloroamides, which are among the most stable of 
N-halogen derivatives, are easily produced by the action of hypo- 
chlorous acid on the sulphonamides: 
R:SO,"NH, + 2HOCI=R-SO,°NCl, + 2H,0. 

The salts of the sulphonmonochloroamides produced by the 
action of alkali hydroxides on the _ sulphondichloroamides, 
R-SO,*NCl, + NaOH = R-SO(ONa):NC1+H,O (Chattaway, loc. cit.) 
are very readily soluble in water; they are powerful antiseptics, 
and are practically non-irritating (Dakin, loc. cit.). 

The sulphondibromoamides are produced by the action of hypo- 
bromous acid on the sulphonamides, and react with alkali 
hydroxides to give salts of the monobromoamides, 
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N-Halogen derivatives are also readily yielded by acylsulphon- 
amides and sulphonanilides. The N-halogen derivatives of the 
latter are transformed in the ordinary way, the halogen leaving the 
nitrogen and entering the nucleus when ortho- or para-positions 
are unoccupied. 


ExPERIMENTAL. 


The sodium salts of the phalogen benzenesulphonic acids, required 
as starting points in the preparation of the sulphonyl chlorides, 
are most advantageously prepared by gradually adding chloro., 
bromo-, or iodo-benzene to fuming sulphuric acid (D 1°9:freeSO,= 
10 per cent.) containing somewhat more than the equivalent amount 
of sulphur trioxide. The acid should be mechanically stirred 
during the addition, and the temperature kept below 60°. After 
remaining for an hour, the cooled mixture is run slowly into about 
six times its bulk of a saturated solution of salt kept at 0°. 
The sodium salt of the »halogen-substituted benzenesulphonic acid 
separates, together with a quantity of sodium chloride, and can be 
extracted from the mixture, after drying it at 100°, by alcohol. 
The sodium halogen-substituted benzenesulphonate crystallises 
from the hot alcoholic solution in shining white plates. A little 
di-phalogen phenylsulphone, which is formed in the sulphonation, 
crystallises out with the sodium salt, and can be removed by wash- 
ing the latter, when dry, several times with a small quantity of 
ether. 

The dry sodium salts are converted into the corresponding 
sulphonyl chlorides by thoroughly grinding them with one and 
a-quarter to one and a-half times the theoretical amount of phos- 
phorus pentachloride. The mixture, which gradually liquefies, 
after heating on a water-bath for thirty minutes, is cooled, poured 
on crushed ice, and stirred until the sulphonyl chloride has 
solidified. This is then collected, washed with ice-cold water, and 
dissolved in ether. After quickly drying the solution with calcium 
chloride, the ether is evaporated, leaving the sulphonyl chloride 
as an oil which solidifies, on cooling, to a white crystalline solid. 
The sulphonamide is obtained from the sulphonyl chloride by add- 
ing it slowly to cooled concentrated aqueous ammonia diluted with 
an equal bulk of water and thoroughly mixing. After a few hours, 
the solid sulphonamide is collected and crystallised from water or 
alcohol. 

The N-halogen derivatives of the phalogen-substituted benzene- 
sulphonamides are prepared by methods similar to those used in 
the preparation of the corresponding unsubstituted compounds 
(Chattaway, loc. cit.), and resemble the latter closely in behaviour. 

5 L* 
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p-Chlorobenzenesul phondichloroamide, C,H,Cl-SO,*NCI,, crystal- 
lises in colourless, rhombic prisms, melting at 83°: 

0°1563 liberated I=24 c.c. V/10-I. Cl as NC1=27°28. 

C,H,O,NCI1,8 requires Cl as NC]l= 27°23 per cent. 
Potassium p-chlorobenzenesul phonchloroamide, 
C,H,Cl-SO,K:NC1,H,0, 

crystallises in glistening, colourless, elongated prisms containing 
one molecule of water of crystallisation. When heated, it loses its 
water of crystallisation, and the anhydrous salt then decomposes 
violently, without previously melting, in the neighbourhood of 
160°; the temperature of decomposition varies somewhat with the 
rate of heating. It is readily soluble in water, but less readily so 
in a solution of potassium hydroxide: 

0°3830 liberated I=27°2 c.c. V/10-I. Cl as NC1=12°60. 

C,;H,O,NCI,SK,H,O requires Cl as NC]=12°57 per cent. 
Sodium p-chlorobenzenesul phonchloroamide, 
C,H,Cl-SO,*Na:NCI,H,O, 

crystallises in colourless, elongated prisms. When heated, it loses 
its water of crystallisation, and the anhydrous salt then decomposes 
with considerable violence at about 190°, although, as in the case 
of the potassium salt, the temperature of decomposition varies with 
the rate of heating. 

It is very readily soluble in water, but less so in a solution of 
sodium hydroxide: 


0°2032 liberated I=16°2 c.c. V/10-I. Cl as NC1=12°94. 
C,H,O,NCI,SNa,H,O requires Cl as NC1=12°5 per cent. 
p-Chlorobenzenesul phondibromoamide, C,H,Cl-SO,*NBr,, crystal- 
lises in pale yellow, six-sided, rhombic prisms, melting at 102°. 
Kastle, Keiser, and Bradley (Amer. Chem. J., 1896, 18, 493) 
describe it as a yellow, crystalline powder. (Found, Br as NBr= 
45°77. C,H,O,NCIBr,S requires Br as NBr=45°75 per cent.) 
p-Bromobenzenesul phondichloroamide, CgH,Br-SO,*NCl,, crystal- 
lises from a mixture of chloroform and light petroleum in colour- 
less, transparent, elongated, rhombic prisms, melting at 108°. 
Kastle, Keiser, and Bradley (loc. cit.) give 106°. (Found, Cl as 
NCl=22°98. C,H,O,NCI1,BrS requires Cl as NCl=22°95 per cent.) 
Potassium p-bromobenzenesul phonchloroamide, 
C,H,Br-SO,K:NCI1,H,0, 
crystallises in colourless needles, which when heated lose their 
water of crystallisation and then explode, without previous fusion, 
at 165°: 
0°3460 liberated I=21'1 c.c. V/10-I. Cl as NC1=10°81. 
C,;H,O,NCIBrSK,H,O requires Cl as NCl=10°86 per cent. 
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Sodium p-bromobenzenesul phonchloroamide, 
C,H,Br-SO,Na:NCI,H,O, 
crystallises in colourless needles, which lose their water of crystal- 
lisation and then explode, with previous fusion, at 178°. Both 
this and the potassium salt are readily soluble in water: 


0°3190 liberated I=19°8 c.c. V/10-I. Cl as SNC1=11°01. 
C,H,O,.NCIBrSNa,H,O requires Cl as -NC]=11°43 per cent. 
p-Bromobenzenesulphondibromoamide, CsH,Br-SO,*NBrg, crystal- 
lises in pale yellow, elongated, rhombic prisms, melting and decom- 
posing at 132—133°: 
0°7246 liberated I=38°9 c.c. V/10-I. Br as NBr=40°26. 
C,H,O,NBr,S requires Br as NBr=40°57 per cent. 
Potassium p-bromobenzenesul phonbromoamide, 
C,H, Br-SO,K:NBr,H,0, 
crystallises in white needles, readily soluble in water, which explode, 
without previous fusion, at 193°: 
0°7246 liberated I=38°9 c.c. V/10-I. Br as NBr=21°45. 
C,H,O,NBr.SK,H,O requires Br as NBr=21°53 per cent. 
Sodium p-bromobenzenesul phonbromoamide, 
C,H,Br-SO,Na:NBr,H,0O, 
crystallises in colourless needles readily soluble in water, which 
explode, without previous fusion, at 211°: 


0°3420 liberated I=18°9 c.c. V/10-I. Br as NBr=22°09. 
C,;H,O,NBr,SNa,H,O requires Br as NBr=22°52 per cent. 
p-Lodobenzenesul phondichloroamide, C,H,I-SO,*NCl,, crystallises 
from a mixture of chloroform and light petroleum in colourless, 
elongated, rhombic prisms, melting at 147°: 
0°5046 liberated I=57°2 c.c. V/10-I. Cl as NC1=20°09. 
C,H,O,NCI,IS requires Cl as NCl= 20°15 per cent. 


Potassium p-todobenzenesulphonchloroamide, 
C,H,I-SO,K:NCI,H,O, 
crystallises in white needles readily soluble in water, which when 
heated lose water and then explode, without previous fusion, at 
150°: 
0°6180 liberated I=33 c.c. V/10-I. Cl as NCL=9°47. 
C,H,O,NCIISK,H,O requires Cl as NC1=9°49 per cent. 
Sodium p-iodobenzenesul phonchloroamide, 
C,H,I-SO,Na:NC1,H,0, 
crystallises in colourless plates readily soluble in water, which when 
heated lose water and then explode, without previous fusion, at 
185°: 
5 L* 2 
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0°9070 liberated I=50°5 c.c. V/10-I. Cl as NC1=9°87. 
C,H,O,NCIISNa,H,O requires Cl as NC]=9°92 per cent. 


The exact temperatures at which the anhydrous salts of the 
chloroamides explode or decompose depend upon the rate at which 
the compounds are heated; the temperatures given are those at 
which explosion occurs when they are quickly heated in melting- 
point tubes in a small oil-bath. 

The phalogen benzenesulphonyl chlorides react readily in 
ethereal solution with aliphatic primary amines in the presence of 
an equivalent amount of pyridine, and form acylbenzenesulphon- 
amides, all of which yield chloro- and bromo-amides. 

p-Chlorobenzenesul phonmethylamide, C,H,Cl-SO,-NH:-CH,, 
crystallises from alcohol in shining white plates, melting at 59°. 

p-Chlorobenzenesulphonmethylchloroamide, 
C,H,Cl-SO,*NCI1-CHs, 
crystallises from a mixture of chloroform and light petroleum in 
six-sided, rhombic prisms, melting at 66°. (Found Cl as -NCIl= 
14°71. C,;H,O,NCI1,S requires Cl as -NCl=14°77 per cent.) 
p-Chlorobenzenesul phonmethylbromoamide, 
C,H,Cl-SO,-NBr-CHs,, 
crystallises in pale yellow, rhombic prisms, melting at 99°: 
0°3286 liberated I=23°9 c.c. V/10-I. Br as ‘NBr=29°06. 
C,H,O,NCIBrS requires Br as ‘NBr=29°22 per cent. 
p-Chlorobenzenesulphonbenzylamide, C,H,Cl-SO,-NH-CH,°C,H,, 
crystallises in white needles, melting at 108—109°. 
p-Chlorobenzenesul phonbenzylchloroamide, 
C,H,Cl-SO,-NCl-CH,°C,H,, 
crystallises in colourless, rhombic prisms, melting at 124°: 


0°3100 liberated I=19°85 c.c. W/10-I. Cl as NC1=11°35. 
C,3;H,,O,NCI,S requires Cl as NCl=11°22 per cent. 


p-Chlorobenzenesul phonbenzylbromoamide, 
C,H,Cl-SO,-NBr-CH,°C,H,;, 
crystallises in pale yellow, rhombic prisms, melting at 112°: 
0°4479 liberated I=23°6 c.c. V/10-I. Br as NBr=21°16. 
C,,;H,,O,NCIBrS requires Br as NBr=21°17 per cent. 


The anilides of the halogen-substituted benzenesulphonic acids 
are conveniently prepared by adding the sulphonyl chloride dis- 
solved in ether to the theoretical quantity of aniline mixed with 
an equivalent amount of pyridine also dissolved in ether. 
After mixing, the ether is distilled off, and the action completed 
by heating for a short time on a water-bath. After cooling and 
thoroughly washing with dilute hydrochloric acid, and finally with 
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water, the anilide is recrystallised from alcohol, the solution being 
decolorised when necessary with animal charcoal. 

These compounds all yield stable N-chloro-derivatives when 
suspended in chloroform and shaken with a solution of hypo- 
chlorous acid. In preparing those which do not readily undergo 
intramolecular rearrangement, a solution of sodium hypochlorite 
acidified with acetic acid may be used, whilst if intramolecular re- 
arrangement readily occurs, potassium hydrogen carbonate is best 
employed to liberate the hypochlorous acid. 

The following pchloro-, pbromo-, and piodo-sulphonanilides 
have been prepared. They are all readily soluble in boiling alcohol 
or acetic acid, and separate in well-shaped crystals on slowly cool- 
ing the saturated solutions. They have all been analysed by con- 
version into the corresponding chloroamides, and estimation of the 
amount of chlorine attached to nitrogen in the latter compound. 
To save space, the details of the analyses are not given. 

The chloroamides derived from the sulphonanilides are all very 
readily soluble in chloroform, and sparingly so in light petroleum. 
Unless otherwise stated, they were crystallised from a mixture of 
chloroform and light petroleum. 

p-Chlorobenzenesul phonphenylchloroamide, 

C,H,Cl-SO,°NCI1-C,H,, 
six-sided, rhombic prisms, melting at 100°. 
p-Bromobenzenesul phon phenylchloroamide, 
C,H,Br-SO,-NC1-C,H,, 
colourless, elongated, rhombic prisms, melting at 104°. 
p-Lodobenzenesul phonphenylchloroamide, CgH,I-SO,*NCI-C,H,, 
colourless rhombs, melting at 139—140°. 

p-Chlorobenzenesul phon-m-chloroanilide, CsH,Cl-SO,°NH-C,H,Cl, 
colourless, transparent rhombs, melting at 106°. 

p-Chlorobenzenesul phon-m-chloro phenylchloroamide, 

C,H,Cl-SO,-NCI1-C,H,Cl, 
colourless, transparent, six-sided, rhombic prisms, melting at 90°. 
p-Chlorobenzenesulphon-p-chloroanilide, C,H,Cl-SO,"NH-C,H,Cl, 
colourless needles, melting at 148°. 
p-Chlorobenzenesulphon-p-chlorophenylchloroamide, 
C,H,Cl-SO,*NCI-C,H,Cl, 
colourless, transparent, rhombic prisms, melting at 127°. 
p-Chlorob enzenesul phon-2 : 4-dichloroanilide, 
C,H,Cl-SO,"NH-C,H,Cl,, 
colourless plates, melting at 108°. 
p-Chlorobenzenesul phon-2 : 4-dichlorophenylchloroamide, 
C,H,Cl-SO,*NCI-C,H;Cl,, 
colourless prisms, melting at 100°. 
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p-Chlorobenzenesul phon-p-bromoanilide, 
C,H,Cl-SO,-NH-C,H,Br, 
colourless, rhombic prisms, melting at 163°. 
p-Chlorobenzenesul phon-p-bromo phenylchloroamide, 
C,H,Cl-SO,°NC1-C,H,Br, 
colourless, rhombic prisms, melting at 127°. 
p-Chlorobenzenesul phon-2 : 4-dibromoanilide, 
C,H,Cl-SO,-NH-C,H,Br,, 
colourless, rhombic prisms, melting at 116°. 
p-Chlorob enzenesul phon-2 : 4-dibromo phenylchloroamide, 
C,H,Cl-SO,-NCl-C,H,Br,, 
colourless, transparent, rhombic prisms, melting and decomposing 
at 110°. 
p-Chlorobenzenesul phon-p-iodoanilide, C,H,Cl-SO,-NH-C,H,I, 
colourless, rhombic prisms, melting at 173°. 
p-Chlorobenzenesul phon-p-todophenylchloroamide, 
C,H,Cl-SO,°NC1-C,H,I. 
—This compound is very unstable; it is precipitated as a colour- 
less, crystalline solid on adding light petroleum to a freshly pre- 
pared solution in chloroform. If kept for a few minutes, even 
when dry, it decomposes, with the liberation of iodine. It melts 
and decomposes at 70°. 
p-Bromobenzenesulphon-p-chloroanilide, C,H,Br-SO,*NH-C,H,Cl, 
colourless, rhombic prisms, melting at 138°. 
p-Bromobenzenesul phon-p-chlorophenylchloroamide, 
C,H,Br-SO,*NC1-C,H,Cl, 
colourless, transparent, elongated rhombic prisms, melting at 142°. 
p-Bromobenzenesul phon-2 : 4-dichloroanilide, 
C,H,Br-SO,-NH-C,H,Cl,, 
colourless, rhombic prisms, melting at 134°. 
p-Bromobenzenesul phon-2 : 4-dichlorophenylchloroamide, 
C,H,Br-SO,*NCI-C,H,Cl,, 
colourless, transparent, rhombic prisms, melting at 97°. 
p-Bromobenzenesul phon-p-bromoanilide, C,H,Br-SO,*NH-°C,H,Br, 
colourless, rhombic prisms, melting at 141°. 
p-Bromobenzenesul phon-p-bromo phenylchloroamide, 
C,H,Br-SO,*NClI-C,H,Br, 
transparent, rhombic prisms, melting at 141°. 
p-Bromobenzenesul phon-2 : 4-dibromoanilide, 
C,H,Br-SO,-NH-C,H,Br,, 
colourless, rhombic prisms, melting at 147°. 
p-Bromobenzenesul phon-2 : 4-dibromophenylchloroamide, 
C,H,Br-SO,°NCI-C,H,Br,, 
colourless, transparent, rhombic prisms, melting at 117°. 
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p-Bromobenzenesul phon-p-iodoanilide, C,H,Br-SO,-NH-C,H,I, 
colourless, elongated rhombic prisms, which melt and decompose at 
160°. 
p-Bromobenzenesul phon-p-odo phenylchloroamide, 
C,H,Br-SO,°NC1-C,H,I. 
—This compound is deposited, on adding petroleum to a freshly 
prepared solution in chloroform, as a colourless, crystalline solid 
which is extremely unstable and shows signs of decomposition after 
remaining a few minutes at the ordinary temperature. When 
rapidly heated, it decomposes completely below 100°, without 
previous fusion. 
p-Jodobenzenesul phon-p-bromoanilide, C,H,1-SO,"NH-C,H,Br, 
colourless, rhombic plates, melting at 174°. 
p-Lodobenzenesulphon-p-bromo phenylchloroamide, 
C,H,I-SO,*NCI-C,H,Br, 
colourless, transparent, rhombic prisms, which melt and decompose 
at 137°. 
p-Zodobenzehesul phon - p - iodoanilide, C,H,I-SO,-NH-C,H,I, 
glistening, colourless plates, which melt and decompose at 167°. 
p-Lodobenzenesulphon-p-iodo phenylchloroamide, 
C,H,I-SO,-NC1-C,H,I, 
separates in small, colourless prisms on adding light petroleum to 
a freshly-prepared chloroform solution. It is very unstable, and 
shows signs of decomposition if kept for a few minutes at the 
ordinary temperature. If rapidly heated, it melts and decomposes 
at 142°. 
p-Chlorobenzenesul phon-o-nitroanilide, CsHyCl-SO,-NH°C,H,NO,, 
pale yellow, elongated, rhombic prisms, melting and decomposing at 
114°. 
p-Chlorobenzenesulphon-o-nitrophenylchloroamide, 
C,H,Cl-SO,*NC1-C,H,°NO,, 
very pale yellow, transparent, rhombic prisms, which melt and 
decompose at 148°. When the melted compound is heated rapidly 
to 5--10° above this temperature, the decomposition becomes 
violent. 
p-CUMorebenspuggnpnen enentonaniiine, 
C,H;Cl-SO,-NH-C,H,°NO,, 
pale yellow needles, which melt at 124°. 
p-Chlorobenzenesul phon-m-nitrophenylchloroamide, 
C,H,Cl-SO,*NCl-C,H,°NO,, 
very faintly yellow, almost colourless, elongated rhombic prisms, 
melting and decomposing at 131°. 
p-Chlorobenzenesul phon-p-nitroanilide, CsH,Cl-SO,"NH-C,H,*NO,, 
yellow needles, which melt and decompose at 159°. 
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p-Chlorobenzenesul phon-p-nitrophenylchloroamide, 
C,H,Cl-SO,"NCl-C,H,-NO,, 
very faintly yellow, rhombic prisms, which melt and decompose at 
143°, 
p -Bromobenzenesul phon-o-nitroantlide, 
C,H,Br-SO,-NH-C,H,°NO,, 
yellow needles, which melt at 130°. 
p-Bromobenzenesul phon-o-nitrophenylchloroamide, 
C,H,Br-SO,-NC1-C,H,-NO,, 
very pale yellow, rhombic prisms, which melt and decompose at 
160°. 
p-Bromobenzenesulphon-m-nitroanilide, 
C,H,Br-SO,-NH-C,H,-NO,, 
yellow needles, melting at 140°. 
p-Bromobenzenesul phon-m-nitro phenylchloroamide, 
C,H,Br-SO,-NCI-C,H,NO,, 
long, yellow, rhombic prisms, which melt and decompose at 140°. 
p-Bromobenzenesul phon-p-nitroanilide, 
C,H,Br-SO,-NH-C,H,"NO,, 
yellow needles, melting at 183°. 
p-Bromobenzehesul phon-p-nitrophenylchloroamide, 
C,H,Br-SO,*NC1-C,H,-NO,, 
pale yellow, rhombic prisms, melting at 164°. 
p-Zodobenzenesul phon-o-nitroanilide, 
C,H,I-SO,-NH-C,H,’NO,, 
very pale yellow plates, melting at 137°. 
p-lodobenzenesul phon-o-nitrophenylchloroamide, 
C,H,I-SO,*NCl1-C,H,-NO,, 
very faintly yellow-coloured, transparent, rhombic prisms, melting 
at 167°. 
p-Lodobenzenesul phon-m-nitroanilide, 
C,H,I-SO,-NH-C,H,-NO,, 
long, yellow, rhombic prisms, melting at 157°. 
p-Jodob enzenesul phon-m-nitrophenylchloroamide, 
C,H,I-SO,-NC1-C,H,-NO,, 
very faintly yellow-coloured, transparent, rhombje prisms, melting 
at 164°. 
p-Lodobenzenesul phon-p-nitroanilide, 
C,H,I-SO,-NH-C,H,°NO,, 
very pale yellow, glistening plates, melting at 154°. 
p-Chlorobenzenesulphon-o-toluidide, C,H,Cl-SO,-NH-C,H,°CHs,, 
colourless needles, melting at 111°. 
p-Chlorobenzenesul nhon-o-tolylchloroamide, 
C,H,Cl-SO,*NCl-C,H,°CHs, 
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colourless, six-sided, rhombic prisms, which melt and decompose at 
127°. 
p-Chlorobenzenesulphon-p-toluidide, C,H,Cl-SO,*-NH-C,H,°CHsg, 
colourless, rhombic prisms, melting at 88°. 
p-Chlorobenzenesul phon-p-tolylchloroamide, 
C,H,Cl-SO,-NCl-C,H,°CHs, 
crystallises in colourless, rhombic prisms, which melt and decompose 
at 110°. 
p-Chlorobenzenesul phon-p-tolylbromoamide, 
C,H,Cl-SO,-NBr-C,H,°CHs, 
pale yellow, six-sided, rhombic prisms, melting at 91°. 
p-Bromobenzenesul phon-o-toluidide, C ,.H,Br-SO,-NH-C,H,°CHsg, 
colourless, rhombic prisms, melting at 119°. 
p-Bromobenzenesul phon-o-tolylchloroamide, 
C,H,Br-SO,°NCl-C,H,°CHs, 
colourless, transparent, rhombic prisms, which melt and decompose 
at 129°. 
p-Bromobenzenesul phon-p-toluidide, C,H,Br-SO,"NH-C,H,°CHs, 
colourless, rhombic prisms, melting at 99°. 
p-Bromobenzenesul phon-p-tolylchloroamide, 
C,H,Br-SO,*NC1-C,H,°CHs, 
colourless, rhombic prisms, melting at 131°. 
p - Zodobenzenesulphon -o-toluidide, C.,H,I-SO,-NH°C,H,°CHsg, 
colourless, elongated, rhombic plates, melting at 161°. 
p-Lodobenzenesul phon-o-tolylchloroamide, 
C,H,I-SO,*NC1-C,H,°CHs, 
colourless, transparent, rhombic prisms, melting at 110°. 
p -Zodobenzenesulphon-p-toluidide, C,H,I*SO,*NH°C,H,°CHsy, 
colourless, rhombic prisms, melting at 135°, 
p-Lodobenzenesul phon-p-tolylchloroamide, 
C,H,I-SO,-NCl1-C,H,°CHs, 
colourless, transparent, rhombic prisms, which melt and decompose 
at 137°. 


UNIVERSITY CHEMICAL LABORATORY, 
OxFoORD. [ Received, November 1st, 1915.] 
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CXCVII.—Colorations Produced by Some Organic Nitro- 
compounds with Special Reference to Tetranitro- 
methane. Part LI. 


By ALEXANDER KILLEN MACBETH. 


IN a previous communication (this vol., p. 87) the colorations 
produced by tetranitromethane and the alkyl nitrites on treatment 
with certain substances were described and the general results 
discussed ; the present paper deals with several points of interest 
that arose in the course of the work and seemed worthy of 
independent study. 

A qualitative examination of the colorations produced on the 
addition of tetranitromethane to solutions of various unsaturated 
substances suggested that the nitro-compound might be employed 
to indicate the amount of residual affinity present in the molecule 
of the influencing substance, or, in extenso, might be applied to 
give a comparison of the reactivities of substances of the same or 
similar type. Qualitative examination of the colorations obtained 
on treating several six-membered heterocyclic compounds with 
tetranitromethane gave the following results: 


Substance. Coloration. 


Tetrahydro-1 : 4-pyran 

(pentamethylene oxide) Negligible. 
1 : 4-Dioxan. Very faint yellow. 
1 : 4-Thioxan. Lemon-yellow. 
Tetrahydro-1 : 4-thiopyran 

( ee sulphide). Golden-yellow. 
1 : 4-Dithian. Golden-yellow. 


1 : 4-Dimethylpiperazine. Reddish-brown. 

This study would indicate that the reactivity of the non-carbon 
atoms in the above substances increases from a practical zero in 
the case of tetrahydro-1:4-pyran to an appreciable amount in the 
case of 1:4-dimethylpiperazine. The preceding is but a rough and 
ready method of applying the principle, and a study was therefore 
made of the influencing powers of the sulphur atoms in tetra- 
hydro-1 :4-thiopyran, 1:4-dithian, and 1:4-thioxan on the pro- 
duction of colour with tetranitromethane. The method of follow- 
ing the change in the absorption spectrum of the nitro-compound, 
described in the former paper (loc. cit.), was adopted, and the 
results are expressed in the diagram. From these we see that in 
equal times the penetrations of the band developed in the absorption 
spectrum of tetranitromethane are nearly identical in the cases of 
1:4-dithian and tetrahydro-1:4-thiopyran, and both are much 
greater than the penetration in the case of 1:4-thioxan. The 
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reactivity of the sulphur atom in the six-membered heterocyclic 
compounds studied would therefore appear to be much decreased 
by the introduction of an oxygen atom in the 1:4- position, and 
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Upper curves (illustrating reactivity of 8 atoms). 


Tetranitromethane + N/10-tetrahydro-1:4-thiopyran (after 
two days). 
Tetranitromethane + N/10-1:4-thioxan (after two days). 
99 + N/100-tetrahydro-1: 4-thiopyran 
(after two days). 
Tetranitromethane + N/100-thiowan (after two days). 
+ N/100-1:4-dithian (after two days). 


9? 


Lower curves (illustrating solvent effect). 


Tetranitromethane + N/10-amylene in EtOH. 
» CHCl. 
» EtOH+20% H,0. 
» EtOH+30% H,O. 
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slightly increased by the introduction of another sulphur atom in 
like position. Work bearing on this is found in a paper by Clarke 
and Smiles (T., 1909, 95, 994), where attention is called to the 
fact that the sulphur atom in 3:5-diethoxy-1:4-thioxan possessed 
an abnormally small tendency to enter into chemical reactions. 
Later Clarke (T., 1912, 101, 1788) showed that the ratio of the 
initial velocities of reaction of the sulphur atoms in the three 
substances mentioned above with bromoacetophenone, in the forma- 
tion of sulphonium bromides, were 1/20, 1, and 3 for 1:4-thioxan, 
tetrahydro-1:4-thiopyran, and 1:4-dithian respectively. The 
reactivities are thus shown by direct measurement to be of the 
same order as indicated by our'method, and this agreement would 
seem to justify its application as an easy way of comparing the 
reactivities of compounds containing centres of residual affinity of 
the same or similar type. 

Another point of interest revealed in the course of the work is 
the existence of factors in the unsaturated molecule which exert 
an inhibitive action on the production of colour. Investigation 
shows that such influence may be classified as of two general types; 
and there are the cases (a) where the unsaturated molecule contains 
an electronegative atom, and (b) where conjugation occurs in the 
molecule. The following are typical results: 


(a) Inhibitive Effect of an Electronegative Atom in the 
Unsaturated Molecule. 


Substance. Coloration. 
CMe,:CHMe (8-Methyl-A%-butylene). 
CHC1:CHCI (s-Dichloroethylene). 
CH,:CCIMe (8-Chloropropylene). 
CH,:CH°CH,Cl (Allyl chloride). 
PEt, (Triethylphosphine). 
PCl, (Phosphorus trichloride) 
SEt, (Ethyl sulphide). 
SCI, (Sulphur dichloride). 


(b) Inhibitive Effect of Conjugation in the Unsaturated Molecule. 


Substance. Coloration. 
Fumaric acid i 
Maleic acid 
Crotonic acid 
Ethyl fumarate 
Ethyl maleate 
Ethyl crotonate 


(Conjugation of ethylene linking with carbonyl oxygen). 


Amino-compounds give pronounced colours. 
Amido-compounds give nil. 


(Conjugation of nitrogen atom with carbonyl oxygen). 
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The aromatic compounds give anomalous results. Thus benzene, 
which is a completely conjugated system, gives a pronounced yellow 
colour with tetranitromethane. Bromo- and chloro-benzene also 
give yellow colorations. isoSafrole, in which the double bond in 
the side-chain is conjugated with the benzene nucleus, gives a more 
intense coloration than safrole, in which the only conjugation is 
that. of the benzene nucleus. A similar effect is also noticed in the 
case of eugenol and apiole and their iso-compounds. 

The effect of the nature of the solvent on the development of the 
tetranitromethane colorations has been studied in the cases of 
alcohol, alcohol-water mixtures, light petroleum, and chloroform. 
That the nature of the solvent is intimately connected with the 
production of colour is best seen in the case of light petroleum. A 
mixture of tetranitromethane and an unsaturated substance, say 
B-methyl-A*-butylene, in this solvent, purified by the usual method, 
gives a slight yellow colour. This coloration does not intensify on 
keeping as is the case when alcohol is employed, and no band pro- 
duction is observed in the absorption spectrum of the nitro- 
compound even after two weeks have elapsed. From this it would 
appear that particular solvents have the power to prevent the 
“nitrite isomerisation” of tetranitromethane. The initial colour 
is probably accounted for by the presence of a small amount of the 
nitrite form existing in the tetranitromethane itself. Chloroform 
would also appear to be capable of hindering somewhat the pro- 
duction of colour. Water, on the contrary, has an accelerating 
effect, as the curves in the diagram indicate that the penetration 
is greater in the case of an alcohol-water mixture containing 30 per 
cent. of water than in the case of one containing 20 per cent. of 
water; this in its turn gives a greater band penetration than alcohol 
alone. Examples of a similar effect may be found in the observa- 
tions of other workers, notably Hedley (Ber., 1905, 36, 1195) and 
Hantzsch and Voigt (Ber., 1912, 45, 85). 


I am indebted to Dr. H. T. Clarke for the tetrahydro-1 : 4-thio- 
pyran and 1 :4-thioxan used in the work, and to Dr. A. W. Stewart 
for the interest he has shown throughout. 


Tue Str Donatp CurRIE LABORATORIES, 
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CXCVIII.—The Catalytic Bleaching of Palm Oil. 
By Sosate GaRALAPURY SASTRY. 


THE usual methods of bleaching palm oil are: (1) Exposing the 
oil in thin layers to the action of air and sunlight. This involves 
much time and cost. (2) Blowing air through the heated oil. 
This method is employed in some places. (3) Bleaching by means 
of bleaching powder and finally washing the oil repeatedly 
to remove the traces of acid. (4) By the dichromate method, 
which appears to be the one most generally used. The oil is 
stirred with 1—3 per cent. of potassium dichromate, the cal- 
culated quantity of dilute sulphuric acid added, the whole 
stirred for about two hours, and the emulsion left to separate. 
The oil is washed repeatedly to remove the chromic chloride and 
traces of acids. 

All these methods take a good deal of time. In the last two 
processes it is essential to keep the temperature as low as possible, 
and there is the trouble of washing the oil to remove the chemicals 
employed to bleach it; there is also always a risk of the oil being 
attacked by the bleaching powder or the dichromate employed. 

At the suggestion of Prof. F. G. Donnan, the author made a 
series of experiments with the object of bleaching palm oil by 
blowing air through it in the presence of various catalysts, both 
the oil and the air being kept at a temperature of 80—90°. The 
flask containing the oil was provided with a cork with two holes, 
through one of which passed a glass tube flush with the cork and 
connected to a pump. Through the other hole passed another 
tube almost touching the bottom of the flask and in connexion 
with a coil of glass tubing surrounding the flask. Both the flask 
and the coil were immersed in a water-bath, and a temperature 
of 80—90° was maintained throughout the experiments. At this 
temperature the oil is not attacked by air or oxygen to any 
appreciable extent. By this arrangement the air or oxygen was 
heated to the same temperature as the oil itself before it was 
blown through the oil. 

Whenever oxygen was used it was found to be more efficient 
than ordinary air in the process of bleaching. The catalysts used 
consisted of the oxides and salts of the metals manganese, cobalt, 
nickel, iron, and lead. (Compare Eng. Pat. 17,784 of 1913.) 

It will be found from the table given below that a very efficient 
bleaching effect can be obtained with a minimum of trouble. No 
attempt has as yet been made to study experimentally the chemical 
changes that take place. No doubt the lipochromes are oxidised 
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to colourless compounds by means of the oxygen conveyed to them 
by the catalysts. It is possible that the catalysts pass into a higher 
state of oxidation, and then bleach the colouring matter, become 
reduced, and so on. The presence of the catalyst intact before and 
after the experiment would necessarily preclude the idea of the 
formation of a soap with these metals. (Compare Tech. Quart., 
1890, 3, 9.) The catalysts which settle down as a residue at the 
bottom of the flask were examined after the experiment, and 
found to contain no soap, and it is improbable that an intermedi- 
ate formation of the soap may have occurred, except in those 
cases in which the oxides of the metals were employed. The 
question of the probable formation of any organic peroxide during 
this process and the bleaching action of the peroxide on the lipo- 
chromes has not been studied. (Compare also Engler, Ber., 1900, 
33, 1101.) 

The specimen of the palm oil used was of a deep reddish-brown 
colour, and was supplied by Messrs. Alexander Finlay, Ltd., 
Belfast. It had the following constants: 


Acid value, 49°44; saponification value, 198°2; iodine value, 55°4. 


TaBLeE I. 


Amount No. of hours 
Weight of of that air or 
oil. catalyst oxygenwas Colour after 
Grams. Catalyst. per cent. passed in. bleaching. 
Manganese oxalate 0-3 Air 16 White 
” 16 
Oxgen 3-5 
Air 7 


12°5 
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7 borate 
Lead borate 
Manganese borate 
Cobalt oxalate 


Oxygen 
Air 

” - Oxygen 
Manganese palmitate Air 
Cobalt borate 
Ferrous sulphate 
Ferrous oxide 
Nickel oxide 
Iron oxalate 


Yellowish-white 


” 


SPoooooooosoo 


— a] 


In the above experiments the velocity with which the air was 
passed was kept constant roughly by turning the tap to the same 
extent every time. Later on (see table II) accurate measurements 
of the velocity of air were made, and some of the results of table I 
checked. In both sets of experiments the time of bleaching was 
found to be shortened with an increased quantity of the catalyst 
generally, or, in other words, roughly the time was inversely pro- 
portional to the quantity of the catalysts. The best catalysts were 
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found to be the salts of cobalt and manganese, and borates were 
better catalysts than other salts. 

All the results tabulated above were confirmed in duplicate 
experiments. After keeping the specimens for 15 months, no 
colour has appeared in any of them. The author has been informed 
that the soaps prepared from palm oil bleached by the above 
method are not coloured, and also that the properties of the oil 
for soap-making purposes are in no way interfered with. The 
faint odour of violets characteristic of palm oil was not destroyed 
in the process of bleaching. 

In the experiments, the results of which are given in table II, 
the apparatus described before was used, and air was passed at the 
rate of 17,350 c.c. per hour: 


Taste IT. 


Weight - Quantity 
of oil. catalyst. of ofair Colour after 
Grams. Catalyst. Per cent. hours in c.c., passing air. 
Cobalt borate 0-01 : 34,700 Yellow 
*” os 0-01 : 52,050 Very pale yellow 
~ ” 0-01 3° 60,725 White 
Ferrous borate 0-01 ‘0 173,500 


Nickel borate 0-01 ‘0 138,800 Yellow 

o 9 0-01 ‘0 173,500 White 
Manganese borate 0-01 -0 104,100 %” 
om pm 0-02 ° 78,075 eo 


A point of interest in the above table is that by doubling the 
quantity of the manganese borate used (that is, using 0°02 per cent. 
instead of 0°01 per cent.) the time of bleaching is reduced by one 
and a half hours. 

Colorimetric estimations were made in order to observe the 
effect of bleaching. The bleached specimen (10 grams) was dis- 
solved in a solvent (50 c.c.), the solution placed in a Nessler glass, 
and the colour observed against a white surface. The effect of 
dilution, when the quantity of the oil was kept constant, was in 
accordance with Beer’s observation (Ann. Phys. Chem., 1852, [ii], 
86, 78) that the observed intensity of a coloured solution, as 
viewed in the above manner, does not alter during the addition 
of more of the solvent. The solvents used were carbon tetra- 
chloride, tetrachloroethane, and trichloroethylene. Specimens 
bleached by Messrs. Alexander Finlay, Ltd., Belfast, were taken 
as the standard, since they showed the best appearance. A very 
pale straw-yellow colour was all that could be observed in the 
standard solution, and also in all the perfectly bleached specimens 
in the present investigation, dissolved in various solvents. Those 
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which had a yellowish-white appearance after bleaching showed a 
distinct yellow tint when their solutions were examined. A solu- 
tion of the original oil itself showed a deep reddish-brown tint 
when examined in the above manner. The shades of colour of 
the bleached specimens in the free state and in solutions were 
almost identical in intensity and of the same order. 

It is clear from the foregoing account that cobalt borate con- 
stitutes one of the best materials that can be used as a catalyst in 
the bleaching of palm oil, and the bleaching is complete within 
three and a half hours under the conditions described above. Con- 
sidering the quantity of palm oil used in the soap industry, this 
method of bleaching may very advantageously be employed in 
preference to the other methods now in vogue. 


The author desires to express his thanks to Prof. F. G. Donnan 
for his many suggestions and for the continued interest which he 
took in this work, and also to Messrs. Alexander Finlay, Ltd., for 
the specimens of palm oil. 


UNIVERSITY COLLEGE, 
LonpDon. [Received, November 22nd, 1915.] 


CXCIX.—Influence of Glycerol, Dextrose, Alkali 
Nitrates and Sulphates, and Ammonium Salts 


on the Solvent Power of Water. 


By James CuarLes Puitip and ARTHUR BRAMLEY. 


THE measurements recorded in this paper have been carried out 
with the same objects and on the same lines as those described in 
a former communication (this vol., p. 377). The arguments in 
favour of the distribution method of studying the influence of 
added substances on the solvent power of water have already been 
discussed, and the experience gained in the earlier part of the work 
indicated ethyl acetate as the most suitable of the distributed 
substances which were employed. This compound, therefore, has 
alone been used in the work now described. 


EXPERIMENTAL. 


In all the experiments the second solvent employed was pure 
commercial benzene, and the temperature in every case was 20°. 
The method of estimating the ethyl acetate was that described in 
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the earlier communication, but with glycerol or dextrose dissolved 
in water a modified procedure had to be adopted. When an 
aqueous solution of glycerol or dextrose is rendered alkaline and 
allowed to remain, the alkalinity gradually diminishes; it is 
therefore not permissible to estimate the ethyl acetate present in 
glycerol or dextrose solution by hydrolysing and then determining 
the excess of alkali. The difficulty was overcome by shaking 
definite volumes of glycerol or dextrose solution with a benzene 
solution of ethyl acetate of known strength, and, after equilibrium 
had been established between the two phases, estimating the ethyl 
acetate remaining in the benzene phase. From this and from the 
total quantity known to be present the concentration of ethyl 
acetate in the aqueous phase was calculated. 

In the following tables, as in the earlier communication, V 
represents, in gram-molecules or gram-equivalents per 1000 grams 
of water, the concentration of the aqueous layer in regard to the 
added substances, while P is the partition coefficient for ethyl 
acetate—that is, the ratio 


Concentration in benzene layer 
Concentration in aqueous layer. 


The partition coefficient of ethyl acetate between benzene and 
pure water at 20° is 12°20. S,, represents the relative quantities 
of ester present in those volumes of different solutions which contain 
1000 grams of water, the quantity present in one litre of pure 
water at the same temperature and in equilibrium with the same 
benzene solution being taken as unity. The expression (1—S,,)/1 
represents what was described in the earlier paper as the “ equiva- 
lent relative lowering of solvent power.” 

The solvent effect of ethyl acetate on the various salts used was 
tested, and it was found that, with the exception of lithium sulphate, 
they are insoluble. Lithium sulphate is very sparingly soluble in 
ethyl acetate. Lithium nitrate, on the other hand, was found 
to be so readily soluble that its use was open to serious objection, and 
consequently no experiments were made with this salt. The 
solubility of dextrose in ethyl acetate was found to be negligible, 
and 25 c.c. of the benzene layer in the glycerol experiments, when 
evaporated on the steam-bath, lefé no residue. 


Glycerol. 


Gram-molecules 
per litre. P. (1-S,)/N. 
0-651 0-14 
1-262 0-11 
1-965 0-08 
2-552 0-065 
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Gram-molecules 
per litre. 
0-500 
1-000 
1-500 
2-000 


Gram-equivalents 
per litre. 
0-500 
1-000 
1-500 
2-000 


Gram-equivalents 
per litre. 
0-500 
1-000 
1-500 
2-000 


Gram-equivalents 
per litre. 
0-500 
1-000 
1-500 
2-000 


Gram-equivalents 

per litre. 
0-0843 
0-1685 
0-337 
0-675 
1-013 
1-340 
1-685 


Gram-equivalents 

per litre. 
0-1242 
0-2484 
0-494 
0-988 
1-482 
1-976 


Gram-equivalents 

per litre. 
0-1437 
0-2875 
0-4310 
0-5750 
0-8625 
1-150 


Dextrose. 


N. 

0-531 
1-131 
1-809 
2-590 


P. 
14-75 
17-45 
20-85 
25-90 


Sodium Nitrate. 


N. 
0-509 
1-033 
1-574 
2-134 


P. 

13-45 
14-81 
16-45 
18.44 


Potassium Nitrate. 


N. 
0-511 
1-045 
1-601 
2-187 


P. 
13-40 
14-75 
16-35 
18-23 


Ammonium Nitrate. 


N. 
0-513 
1-052 
1-621 
2-219 


P. 
12-67 
13°14 
13°81 
14-59 


Lithium Sulphate. 


N. 
0-0842 
0-1690 
0-338 
0-678 
1-024 
1-372 
1-718 


Fs 
12-85 
13-49 
14-75 
17-52 
20-90 
24-32 
27-66 


Sodium Sulphate. 


N. 
0-1247 
0-2494 
0-495 
0-999 
1-504 
2-014 


P. 

13-40 
14.50 
16-49 
29-92 


a 


31-15 
44-32 


Potassium Sulphate. 


N. 
0-1444 
0-2898 
0°4354 
0-5829 
0-8798 
1-180 


P. 

13-46 
14-81 
16-05 
17-60 
20-76 
24.90 


(1-S.)/N. 
0-23 
0-185 
0-165 
0-15 


(1-S,,)/N. 
0-15 
0-145 
0-14 
0.135 


(1-S,)/N. 
0-135 
0-13 
0-125 
0-12 


(1-S,)/N. 
0-023 
0-023 
0-028 
0-032 


(1-—S,)/N. 
0°57 
0-54 
0-50 
0-44 
0-40 
0-36 
0°32 


(1-S,)/N. 
0-695 


( 1 = S,,)/N. 
0-615 
0-585 
0-535 
0°51 
0-455 
0-42 
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Ammonium Sulphate. 
Gram-equivalents 
per litre. N. P. (1—S,)/N 
0-2485 0-2506 13-96 0-475 
0-497 0-5065 15-72 0-415 
0-995 1-025 20-20 0-37 
1-492 1-563 27-50 0-34 
1-988 2-120 35-12 0-30 


Magnesium Sulphate. 


Gram-equivalents 
per litre. N. P. (1—S,)/N 
0-250 0-251 14-30 0-575 
0-508 0-509 16-47 0-505 
1-017 1-021 21-34 0-415 
1-525 1-533 26-93 0-355 
2-033 2-050 34-70 0-315 


Ammonium Chloride. 


Gram-equivalents 
per litre. N. P. (1—S,,)/N. 
0-617 0-632 15-18 0-28 
1-001 1-053 16-93 0-235 
1-233 1-296 18-41 0-235 
1-850 1-995 21-25 0-19 
2-002 2-191 21-92 0-18 
2-466 2-732 24-52 0-165 
3-003 3-432 27-48 0-145 
4-004 4-795 33-50 0-12 


Discussion of Results. 


According to the results tabulated above, the influence of the 
two non-electrolytes, glycerol and dextrose, on the solvent power of 
water is larger than was to be expected from earlier work on similar 
lines. As regards glycerol, measurements of the effects of this com- 
pound on the solubility of hydrogen, oxygen, and nitrogen in 
water have been made by Drucker and Moles (Zeitsch. phusikal. 
Chem., 1911, 75, 417) and by Miller (édid., 1912, 81, 483). 
Although it is scarcely possible to use the data of these investiga- 
tors for definite comparison with the figures obtained in the present 
work, since their results exhibit very considerable irregularities 
and the great majority of the glycerol solutions employed were 
more concentrated than those used in the present investigation, 
the values of the equivalent relative lowering based on Miiller’s 
figures are appended : 

Hydrogen. Nitrogen. Oxygen. 


———  F?7T —( 7. ———— 

N. (1—S,)/N N. (1—S,,)/N. N. (1—S,,)/N. 
1-836 . 3-414 0-018 2-670 0-013 
3-048 \. 7-161 0-014 3-415 0-020 
6-074 ; 10-19 0-018 5-900 0-023 
7-528 13-04 0-011 7-980 0-020 
9-324 . —- -— 10-39 0-015 

10-17 . — -- _- — 
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So far as comparison may be made between the values just 
tabulated and those based on the partition experiments, it is clear 
that. the latter are much higher than the former. 

Miiller (Joc. cit.) has studied also the influence of dextrose on 
the solvent power of water for hydrogen and oxygen, and the values 
of the equivalent relative lowering of solvent power calculated from 
this author’s measurements are shown in the following tables: 

Hydrogen. Oxygen. 
ea, RT, 

N. (1—S,)/N. N. (1—S,)/N. 
0-772 0-064 0-675 0-097 
1-450 0-053 1-450 0-107 
2-680 0-039 2-836 0-079 


4-695 0-031 5-995 0-040 
7-995 0-022 7-943 0-028 


It is plain that the values of the equivalent relative lowering 
recorded in this table are much lower than those deduced from the 
partition experiments. The influence of dextrose at one concentra- 
tion on the solubility of carbon dioxide in water has been examined 
by Usher (T., 1910, 97, 66), and the equivalent relative lowering 
of solvent power deduced from his figures is also lower than those 
based on partition experiments. 

With regard to the effect of the salts of the alkali metals lithium, 
sodium, and potassium on the solvent power of water, the general 
conclusions that may be deduced from the measurements recorded 
in this paper are: (1) Sodium salts have the greatest effect and 
lithium salts the least; and (2) sulphates are more efficient than 
chlorides, and nitrates less so as regards salting-out power. This 
is in agreement with the results obtained by Steiner (Ann. Physik, 
1894, [2], 52, 275) for the influence of these salts on the solubility 
of hydrogen, and by Knopp (Zeitsch. physikal. Chem., 1904, 48, 
97), who also studied the effect of sodium and potassium nitrates 
on the solubility of nitrous oxide. A comparison of the actual 
values of the equivalent relative lowering of solvent power indicates 
that this quantity appears to depend to some extent on the sub- 
stance used for measuring it. The values of the equivalent relative 
lowering of solvent power calculated from Steiner’s figures for the 
effect of alkali chlorides on the solubility of hydrogen are given in 
the following table: 

Lithium chloride. Sodium chloride.. Potassium chloride. 
i (a, i, 
N. (1-S8,)/N. WN. (1-S,)/N. N. (1-8, )/N. 

0-849 0-15 0-825 0-195 0-592 0.17 

1-865 0-13 2-049 0-175 1-854 0-15 

4-034 0-105 2-801 0-16 3-002 0-135 
— — 4-815 0-12 3-611 0-13 

The numbers deduced from the partition experiments with the 
chlorides of the alkali metals (this vol., p. 377) are somewhat 


1836 PHILIP AND BRAMLEY: INFLUENCE OF GLYCEROL, 


higher than the corresponding values in the above table. Geffcken 
(Zeitsch. physikal. Chem., 1904, 49, 257) examined the effect of 
potassium chloride on the solubility of carbon dioxide and of 
potassium and lithium chlorides on the solubility of nitrous oxide 
in water, and the values of (1 —S,,)/N calculated from his measure- 
ments are lower for carbon dioxide and higher for nitrous oxide 
than the corresponding figures obtained from the experiments on 
the solubility of hydrogen, although both fall below the values 
obtained by the distribution method. 

The effects of the nitrates of sodium, potassium, and ammonium 
on the solvent power of water as measured by the distribution 
method give lower values for the equivalent relative lowering of 
solvent power, especially for the higher dilutions, than those 
deduced from the figures of Steiner and of Knopp (loc. cit.) for the 
solubility of hydrogen. The values of (1—S,)/N, based on the 
measurements of these two authors, are as follows: 


Steiner. 


Knopp. 

Sodium nitrate. Potassium nitrate. Ammonium nitrate. 

((, i, en, 

N. (1—S,)/N. N. (1—S,,)/N. N. (1—S,,/)N. 
0-694 0-19 0-491 0-18 0-277 0-073 
1-477 0-16 0-911 0-155 0-436 0-073 
2-899 0-135 1-643 0-13 0-633 0-092 
4-566 0-11 1-965 0-125 0-907 0-082 
7-042 0-09 2-699 0-11 1-631 0-072 


The values of (1—S,)/N calculated from Knopp’s figures for 
the solubility of nitrous oxide in solutions of sodium and potassium 
nitrates (loc. cit.) agree on the whole with those of the hydrogen 
experiments, but they show considerable irregularities. Values 
deduced from Geffcken’s measurements with carbon dioxide (loc. 
cit.) are very low, being only about half those obtained by the 
distribution method. 

As regards the influence of sulphates, the values of the equivalent 
relative lowering of the solvent power of water tabulated above are 
very much higher than those obtained with nitrates and chlorides. 
The influence of sodium and magnesium sulphates on the solubility 
of hydrogen in water has been studied by Steiner, and the values 
of (1—S,)/N based on his measurements are distinctly lower than 
those deduced from the partition experiments. The effect of sodium 
sulphate on the solubility of acetylene and ethylene in water has 
been examined by Billitzer (Zettsch. physikal. Chem., 1902, 40, 
534), and although the values of the equivalent relative lowering 
of solvent power for this substance calculated from his figures are 
lower than those obtained by the distribution method, they are 
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considerably higher than those calculated from Steiner’s data for 
hydrogen. This will be evident from the following tables: 
With hydrogen (Steiner) 
c P ~ Sodium sulphate (Billitzer) 
Magnesium - i =~ 
Sodium sulphate. sulphate. with acetylene. with ethylene. 
~ a enantio 


N. (i—S.)N. WN. (1—S.)/N. N. (i—SaN. N. (1—Sq))N. 
0-674 0-28 0-868 0-23 0-251 0-47 0-251 0-405 
1-294 0-25 1-884 0-20 0-502 0-445 0-502 0-395 
2-820 0-205 3-316 0-17 1-012 0-395 0-012 0-405 
— — 5-172 0-14 2-036 0-35 — — 

In appears from the foregoing discussion that the values obtained 
for the lowering of solvent power vary with the substance employed 
to measure this quantity, and there is as yet no satisfactory means 
of determining which of the different values ought to carry most 
weight. In the former communication emphasis was laid on the 
fact that the figures for the equivalent relative lowering of the 
solvent power of water, calculated on the assumption that the 
added substance has no solvent power of its own, are minimum 
values. On this general ground the higher figures for (1—S,,)/¥ 
are probably nearer the truth than the lower values for a given 
added substance. Now in all the cases so far examined, with the 
exception of the nitrates, the values for the equivalent relative 
lowering based on the partition experiments are higher than those 
deduced by the other methods mentioned. It may therefore be 
concluded that, in the majority of cases at least, the specific 
character of the substance used to measure the solvent power of 
water has less significance in the method employed by the authors 
than in other work carried out with the same object. Further- 
more, whatever be the cause of the effect of salts and non- 
electrolytes in lowering the solvent power of water, the results 
recorded in the present communication enforce the contention 
already urged by one of the authors that it must be something 
which becomes relatively more potent as the concentration of the 
salt or non-electrolyte diminishes. Except in the one case of 
ammonium nitrate, the value of (1—S,,)/N increases steadily as 
the concentration of the added substance decreases. 
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The Principles of Crop Production. 


Lecture DELIVERED BEFORE THE CHEMICAL SOCIETY ON 
NovemMBer 18r1u, 1915. 


By Epwarp Joun RwvssELt. 


In any discussion of the principles of crop production it is necessary 
to begin with the year 1840. By that time it was definitely known 
that plants consist mainly of organic matter along with a little 
mineral matter—phosphorus, calcium, potassium, sodium, etc.—to 
which, however, very little importance was attached. The practical 
man knew that farmyard manure was the great fertiliser; he also 
knew that other substances, bones, salt, etc., had, in certain cir- 
cumstances, considerable fertilising value. The most obvious facts 
were the large amount of organic matter in the plant and the 
large amount of organic matter in the best manures; and it is 
only natural that chemists and physiologists should have connected 
these, and argued that the object of the manure was to furnish 
organic matter for the plant. 

By a brilliant stroke Liebig, in 1840, brushed aside this obvious 
connexion and declared that the true function of the manure was 
to provide, not organic matter, but the mineral constituents which 
the chemists had ignored. The first step, he said, was to find out 
what mineral constituents the plant contains, and then to supply 
these substances in a suitable form. If any one of them is lacking 
the soil is rendered infertile, and matters will not be put right 
until that one is added. Thus the whole art of manuring was 
reduced to an exact science. Liebig was a brilliant writer and 
secured many disciples. Farmers were told that they need only 
use a few pounds of simple salts to make their crops grow. It was 
the first time they had heard the fairy tales of science. We can 
only faintly realise the utter incredulity with which they received 
the idea that crops could be raised by small doses of chemicals 
sold in bags from a factory, in place of the cartloads of farmyard 
manure that had alwavs been regarded as necessary and sufficient. 
It was as if farmers had been told that they themselves could 
dispense with the beef, bread, and beer that Cobbett had said was 
their Divinely prescribed diet, and could live instead on tablets 
of chemicals. 

The comments of the local wits were pretty caustic; some of 
them are still preserved in the countryside, but they are hardly 
suitable for the polite audience that I have the honour of address- 
ing to-night. 
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To make matters worse, the prescriptions failed in practice, and 
the downfall of the first manurial principle seemed complete. 
The Rothamsted experiments showed that Liebig’s ash constituents 


Fig. 1. 


Yield of wheat on the Broadbalk plots, average of sixty-one years’ 
results, 


When nitrogen compounds are withheld the yield is little better 

than on the unmanured plot. Complete artificial fertilisers give a 

full crop which is fully maintained to the present time, and in 
this case is better than that given by farmyard manure. 


Broadbalk Wheat. 
61 years (1852-1912) 


No Minerals N. Complete Farmyard 
Manure alone alone Acti fictals Manure 


Grain peracee, bb. pn] Straw per acre, tb. 


gave little better crops than no manure at all. Liebig had left 
something out; it was necessary to add nitrogen as well before 
complete growth could be obtained. 

The critics urged that the effects would only be temporary; that 
in time the land supplied with “artificials’” would give out. Ex- 
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perience has shown that this is not so; similarly good results have 
been obtained at Rothamsted over the long period of more than 
sixty years (Fig. 1). 

Part, therefore, of Liebig’s principle is perfectly correct: the 
mineral constituents are indispensable and must be supplied to the 
plant. The mistake was to suppose that they were sufficient. We 
may take it as established that crops can be grown satisfactorily 
and indefinitely by supplying proper quantities of suitable com- 
pounds of nitrogen, phosphorus, and potassium. This we can call 
our first principle. Difficulties arise, however, directly one tries 
to develop it in practice. Trouble began with the attempts to find 
out what are suitable quantities to use. Liebig had supposed that 
the requirements of a crop could be gauged by the composition 
of the ash. Lawes and Gilbert showed that this was not the case. 
Thus the ash of the turnip crop contains a considerable amount of 
potash but only little phosphate; according to Liebig, it should 
have required mainly a potassic fertiliser. Lawes and Gilbert 
showed, however, that it required phosphates and not potash, and 
they concluded that the special requirements of a crop could only 
be discovered by actual trial. 

This view was developed in the ’sixties in a series of brilliant 
lectures by Ville. After numerous experiments (he says “many 


thousands’’), he drew up the following list, showing the special 
need, or, as he called it, “the dominant,” for each crop: 


Ville’s List of Dominants. 


Nitrogen for Cereals. 

‘ » Beetroot. 
Potash » Potatoes. 

Fe >» Vines. 
Calcium phosphate ,, Cane-sugar: 
No dominant » Flax. 


In order to ascertain the special needs of the crop on a particular 
soil, he grew the plants on a series of plots, one of which was given 
the complete manure, whilst the others each had one constituent 
left out. Thus for wheat he obtained the following results, and, 
therefore, concluded that on this soil wheat requires a good supply 
of nitrogen, less phosphorus, and still less potassium : 


Crop per acre. 
Bushels. 
43 


> 9° 
” »»  Pphosphate............... 
” »  nhitrogen 

Soil without manure 
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The method, of course, is perfectly sound, and it has been very 
widely adopted. It is, however, frankly empirical, and empirical 
work is never very inspiring, so that for a long time soil work 
came rather to a standstill. 

It has several times happened in the history of agricultural 
chemistry that the new illuminating idea wanted to revivify the 
subject at a stagnant period has come in from some outside technical 
problem that had to be solved. So it was here. The growth of the 
towns and of stricter ideas on public health had brought into 
prominence the need for better sewage purification, and it was 
imperative that the problem should be dealt with somehow or other. 

Schloesing and Miintz found that satisfactory purification 
involved the conversion of ammonia into nitrate, which could be 
attained by allowing the sewage to trickle very slowly through a 
tube filled with sand or limestone. There was nothing specially 
novel in this: the change of ammonia to nitrate in the soil was a 
well-known phenomenon. It had received a special name, nitrifica- 
tion; some people thought it chemical, others physical, but few 
troubled themselves about it, and it passed into the category of 
Things Accepted. The remarkable feature about the investigation 
of Schloesing and Miintz was the beautiful way in which they 
developed an observation that most people would have passed over. 
The conversion of ammonia into nitrate did not set in directly the 
sewage was allowed to trickle down the column; an interval of 
twenty days was necessary before it began. Why was this delay? 
They argued that the process could not be purely chemical or purely 
physical, otherwise it ought to set in at once. The only explana- 
tion seemed to be that it was brought about by living organisms 
which required time to establish themselves and multiply before 
setting about their work. If this hypothesis were correct, they 
argued, the whole process ought to be brought to a standstill by 
adding a little chloroform—and this was found to be the case. 
Further, it should start when a little extract of soil was added— 
this also happened. 

This piece of work was brilliantly followed up, and led to most 
unexpected results. It was seen at once that the soil was not a 
mere inert mass, but that it was teeming with life and pulsating 
with change. The number of bacteria is enormous, running into 
millions per gram, and the question is raised: How do these 
organisms live? They must have food, and they must have energy. 
We are therefore forced to go back to the soil and study it as a 
medium for the life of a soil population. 

A very cursory examination shows that the soil forms only a 
thin layer; underneath it lies the subsoil, which is wholly different 
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in colour, texture, and especially in its behaviour towards the 
plant (Fig. 2). 

Yet there was not always this difference. When the soil was 
first laid down it was all like the subsoil, and whenever a new 
surface becomes exposed, either by landslips, cliff-falls, etc., it is 
always the subsoil type that appears. The first vegetation has no 
great supply of plant nutrients, but plants suited to the conditions 
nevertheless spring up. They take what they can from the crude 
soil, they take carbonedioxide from the air, they synthesise sugars, 
starches, cellulose, proteins, etc., deriving the necessary energy 
from sunlight. When the plants die they fall back on the soil and 
return to it all that they took, and a good deal more of new 
material besides. That introduces a fundamental change. 

The new material thus added contains stores of energy and 
food substances suitable for the bacterial population, which forth- 
with flourishes. Decomposition goes on, nitrates and other sub- 
stances are produced, and the conditions are made more favour- 
able for the growth of a new race of plants. One of the most 
obvious changes is the formation of nitrates, but other products 
are formed as well. It is proving exceedingly difficult to trace out 
full details, but the following is in the main accurate: 


Carbohydrates 
—> Frm at Cellulose Oils Waxes 
2 un- 
Y Y y ¥ decomposed 
spina Other compounds} Acids 
** Humus”’ | 


v 


Y Calcium 
NH, ae" acids salts 
| 


¥ 


|  Nitrites Calcium salts 


| 
| 


iY | | 
Gaseous Y Y Y 
N Nitrates CaCO, co, 


Unfortunately, not much is known about the details, but the 
reaction is extremely important. The initial products are of little 
value to the crop or the soil. The final products are invaluable 
for plant nutrition, and some of the intermediate products are 
very valuable for the soil. This, therefore, is the reaction on which 
plant nutrition depends, and it is of the highest importance that 
it should proceed rapidly and smoothly. Where for any reason it 
does not, the soil becomes unproductive. This is usually the case 
on waste lands, commons, heaths, &c. In the Bagshot heaths, for 
example, there is too little water and too much acid for successful 
bacterial action, and decomposition does not proceed sufficiently 


Soil Sand Subsoil 


Plants grown in soil, sand, and subsoil respectively, all 
without manure, showing the marked differences in behaviour 
towards the growing plant. 


Fie. 6. 


(See page 1848.) 


pe 


72 79 


Pot No. 47 
Tomatoes supplied with increasing doses of manure. 


Pot 47.—No manure. 

Pots 55 to 79.—Increasing dressings of manure. This increases 
the amount of growth up to pot 72, but it depresses growth in 
pot 79, where too much is given. The middle pot, 63, is best 


for fruit. 
[To face page 1842. 
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quickly. The land is simple waste and produces no agricultural 
crops. 

Scientific crop production depends largely on controlling this 
reaction. Three things are necessary: the conditions—the air 
supply, water, temperature, etc.—must be favourable; the 
organisms must be of the right kind; and the supply of raw 
material—plant residues—must be kept up. 

We shall see later on how the favourable conditions are obtained. 
Hitherto little has been done to control the organisms beyond 
improving the conditions, but beginnings have been made in the 
direction of inoculation and partial sterilisation. The supply of 
raw material is kept up in several ways; probably the oldest is 
to leave the ground alone, so that it covers itself with wild vegeta- 
tion, which is then ploughed in. This formed part of the Mosaic 
Law*; it was the regular medieval custom in our own country, 
and it is practised to this day in Connemara. It is too haphazard 
for modern use, however, and so nowadays the farmer grows a 
special crop with the express intention of ploughing in all or part 
of it. Clover, or a mixture of clover and rye grass, is very 
common, and has the advantage that some can be cut for hay and 
the rest ploughed in, and the further advantage that the clover 
plant is associated with one of the nitrogen-fixing organisms. 

Fig. 3 shows the beneficial results of ploughing in clover on 
the Agdell field at Rothamsted. 

Other crops instead of clover can be used; for example, mustard, 
lupines, vetches. A considerable degree of control is obviously 
possible, because different plants not only yield different amounts 
of organic matter, but also contain somewhat different compounds. 

It is not necessary that the residues should be ploughed in as 
such. The plants may be fed to animals, and the animal excre- 
tions—which represent the parts the animal did not retain or 
convert into gas—can be ploughed in in the form of farmyard 
manure. 

The second broad principle of crop production is, then, that the 
biochemical decompositions in the soil must proceed smoothly and 
rapidly. 

New difficulties arise as soon as one begins to develop this 
principle. Reverting to the scheme on p. 1842, it is seen that the 
decomposition of proteins may proceed in two ways, either ending 
with nitrate or with nitrogen. Now the nitrate ending is desir- 


* Leviticus, xxv., 3—5.—‘‘ Six years thou shalt sow thy field, and six 
years thou shalt prune thy vineyard, and gather in the fruit thereof; but in 
the seventh year . . . thou shalt neither sow thy field, nor prune thy vine- 
yard. That which groweth of its own accord of thy harvest thou shalt not 
reap . . .: for it is a year_of rest unto the land.” 


1844 RUSSELL: THE PRINCIPLES OF CROP PRODUCTION. 


able enough, but the nitrogen ending is highly undesirable. Yet 
this happens directly the process is speeded up too much. The 
more intense the cultivation becomes the more serious are these 
losses; they are bad on the prairies, but still worse under condi- 
tions of intense cultivation. To some extent this is inevitable; it 
is equally true of engines, but just as the engineer has increased 
the efficiency of engines, so the agricultural chemist has to increase 
the efficiency of the nitrogen utilisation processes. 


Fia. 3. 


Comparative effect of clover or bare fallow on the succeeding crops in 
the rotation. 


Total produce in 100 lb. for clover, wheat and barley, and in 
100 ewt. for roots. 
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The difficulty of investigation arises from the fact that these 
losses, whilst considerable on an acre of land, are very small in 
the quantities of soil that one uses in laboratory experiments, 
only a few c.c. of nitrogen being given off per 100 grams of 
soil in a week. The way round a difficulty of this sort is to fmmd a 
parallel case where the loss of nitrogen is considerably greater, 
and this is furnished by the manure heap. 

Here we are dealing with the same kind of action: the hydrolysis 
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of protein effected by micro-organisms. A very interesting result 
has been obtained. 

After several months’ storage under unaerobic conditions the 
whole of the nitrogen is recovered, although there has been some 
transformation of protein and amides to ammonia. Directly air 
is admitted, that is, under aerobic conditions, there is a loss which 
is apparently not Ammonia, and can only be attributed to gaseous 


Fic. 4. 


Showing the amounts of nitrogen present as ammonia, as amide, 

and in other forms (for example, protein) in farmyard manure stored 

under different conditions. The lengths of the columns compared 
with the first show the various losses and transformations. 


Nitrogen changes in 


farmyard manure 


WW 


Stored Stored Stored a 
Anaerobically - Aerobically Arasvobically 
Aerobie ally 


nitrogen. Still greater loses set in when we began with anaerobic 
conditions and follow on with aerobic conditions (Fig. 4). 

This experiment was done in the laboratory with farmyard 
manure kept in carefully closed vessels, but we have been able to 
show that similar results are obtained with soil and also with 
ordinary manure heaps. Here, therefore, we have reproduced the 
reaction by which these losses arise. In agricultural practice the 
losses are aggravated by leaching and become very serious, 
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amounting at the lowest estimate to several million pounds sterling 
per annum in manure alone, quite apart from the soil. Leaching 
troubles can be obviated, but this loss by gaseous nitrogen cannot 
be dealt with until we know just what is happening, The simplest 
hypothesis is that something formed under anaerobic conditions 
reacts with something formed under aerobic conditions, giving rise 
to gaseous nitrogen. 

Unfortunately, the purely chemical work on the decomposition 
of protein has not gone far enough to enable a full working 
hypothesis to be mapped out. The decomposition does not stop 
at amino-acids; under bacterial action there is a further change 
to bases and acids. These are under investigation in several 
chemical laboratories, but the results have not yet helped us much. 
Here, therefore, we have an economic problem of the first import- 
ance waiting for the solution of a chemical problem which, at first 
sight, seems rather academic and remote from practice. 

These biochemical changes, important as they are in crop pro- 
duction, do not end the matter. The soil comes directly into 
the reaction; it is not simply the place where the reaction 
takes place—the beaker, so to speak, where plant nutrients are 
formed. Some of its mineral constituents come into play. The 
calcium carbonate neutralises acids produced during the decomposi- 
tion. The clay and some of the other coristituents possess colloidal 
properties, so that all these reactions proceed on a jelly-like surface 
and not in a fluid medium, and they are liable to be affected by all 
the complications produced by surface actions. 

The plant plays an even more active part. Its roots absorb 
some of the products—the nitrates, the phosphates, etc.—and might 
therefore be expected to hasten the whole process; but this does 
not happen. On the contrary, the growing plant appears to retard 
it, and nitrate is always formed in higher quantities on fallow 
than on cropped land, even after allowing for what is taken by 
the crop: 


In 1911 In 1912 
Fallow Cropped Fallow Cropped 
land. land. land. land. 
N as nitrate in top 18” of soil, June ...... 58-7 153 46-1 12-8 
Nitrogen in Crop ......cscccesesereeeeeeeesececees _ 22.6 — 6-1 
Total......... 58-7 37:9 46-1 18-9 
Deficit in cropped land ...........seeesseeeeees —_ 15-8 oo 27-2 


Whether the growing plant affects the nature of the change or 
only the rate is not yet known. The essential point is that, so 
far as plant nutrients are concerned, neither the soil nor the plant 
plays an entirely passive part. The soil is not an inert medium, 
and the plant is not a mere passive bucket into which the products 
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of the reaction are drawn; each plays an active part, disturbing 
both the reaction and the distribution of the products. 

That leads us to the growing crop. Just as the recognition of 
the living agencies in the soil altered our whole conception of the 
soil itself, so the recognition that the plant is a living thing has 
broadened our conception of the factors necessary for plant 
growth. In much of the literature of the ’seventies and ’eighties 
it is tacitly assumed that the whole art of crop production is a 
question of manuring. Agricultural chemists, in short, had got 
rather into a groove. When this had happened before, they had 
been jerked out by the necessity of solving a sewage problem. On 
this occasion the new light came again from the outside, but this 
time from a study of the quality of American cigars. Whitney 


Fig. 5, 


Showing the relationship between the composition 

of the soil and the quality of the crop. Soils 

containing small amounts of clay produced the 

finest qualities of tobacco (‘‘wrapper”’ tobacco) ; 

as the amount of clay increases, the quality falls 
off, although the crop becomes larger. 


Cigar Tobacco. 


Ron LLL LLL LLL 


Pennsylvania intermediate 
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was then with the United States Weather Bureau, and naturally 
came across many instances of the striking effects of climate on 
both the quality and quantity of crops. It is a commonplace 
among growers that high quality is often associated with certain 
climatic conditions. He recognised this, and further observed that 
in the tobacco-growing States good quality tobacco could be pro- 
duced on certain soils but not on others, no matter what scheme 
of manuring was adopted, and he brought this observation into 
line with his Weather Bureau work by supposing the climate of 
these soils to be that required for the production of high quality. 
By “climate of the soil” he meant temperature, moisture content, 
air supply, etc., and in a very ingenious paper he shows that these 
factors can be correlated with the size of the soil particles (Fig. 5). 

This led to the recognition that the type of, the soil is an im- 
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portant factor in crop production, which has had some extremely 
interesting developments. Mechanical analyses to determine the 
type became an indispensable part of the routine of soil analysis. 
The perspective was restored, the fact emphasised that the plant 
not only wants food, but also proper water supply, air supply, and 
temperature. 

Now there is a very simple rule that applies to all these factors. 
Plant growth increases with increasing supply of any one of them, 
but this only happens so long as the supply of every other factor 
is adequate. When anything is lacking the increase in growth is 
not kept: up, and additional supplies give no extra crop. Finally 
a stage is reached when extra supplies may do harm, either by direct 
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Increases in amounts of the various factors necessary for plant 

growth do not cause indefinite increases in growth. After a 

time some other factor becomes insufficient and operates as a 
limiting factor. 


General Relation between any particular Factor and Plant Growth. 


, Limiting Factor. 


Amount of Growth. 


Increment of Factor. 


injury or by cutting out another indispensable substance. This is 
shown in the tomato experiments of Fig. 6 (page 1482), where suc- 
cessively increasing doses of sodium nitrate are applied in the four 
pots 55, 63, 72, and 79, although no further growth is obtained in 
72 and 79 because of the insufficient water supply. The conditions 
for favourable growth are all present in pots 72 and 79 excepting 
only this one, but it effectually prevents the plant from taking full 
advantage of the good conditions. All this is expressed in a 
generalised form in the curve of Fig. 7, which thus represents our 
third principle of crop production. It has only recently been 
revived in agriculture, although the fundamental idea is old; it 
can be found in the writings of the political economists of the 
Malthusian school; it was used in a special form by Liebig in his 
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“Law of the Minimum”; it was developed by Horace Brown and 
F. F. Blackman. In its full generalised form it is proving extremely 
useful. 

Problems of soil fertility generally have to be approached from 
this point of view. Whenever a case of infertility has to be studied 
the first question to settle is: What is the limiting factor? And 
the next: How can this limiting factor be put out of action? As 
a rule the limiting factor is one of the following: 


Limiting factor. Put out of action by : 
Wetness Drainage, limin 
Dryness Irrigation, suitable cultivations 
Addition of organic matter 
Lack of temperature Drainage and cultivation 
Sourness or acidity Liming or chalking 

The removal, although simple in principle, may be very difficult 
in practice: it has often proved to be the rock on which many 
beautiful schemes for increasing food production have been 
wrecked. The laboratory experiment may show conclusively that 
a certain treatment increases plant growth. Every other condition 
except the one under investigation is eliminated by making it as 
perfect as can be, and the result may be thoroughly sound from the 
physiological point of view. It is, however, wholly unjustifiable 
to assert that such treatment will increase the growth of crops in 
the field, because one cannot, in the field, eliminate all limiting 
factors and make every other condition as good as in the labora- 
tory. Even if one succeeds with the soil—which one can very 
rarely do—there still remains the weather, which may always 
confound the calculations. 

We have seen that, broadly speaking, three general principles 
of crop production can be laid down: 

1. The plant must have a sufficient supply of all necessary 
nutrients, especially of nitrogen, potassium, and phosphorus. 

2. The biochemical decompositions in the soil must proceed 
smoothly and quickly. 

3. All the requirements of the plant must be satisfied. Any one 
left unsatisfied constitutes a limiting factor preventing further 
growth. Increases in any one factor give increases in growth 
until something else proves insufficient and becomes a limiting 
factor. 

No doubt future investigators will find other principles besides 
these three. It has been suggested that besides the nutrients 
proper there are certain directive agents akin to the remarkable 
substances recently investigated by animal physiologists. Armstrong 
was the first to direct the attention of plant physiologists to the 
effect of hormones in regulating the vital processes of the plant, 
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and the idea is proving very helpful in forming a mental picture 
of what goes on during growth. It has aroused considerable 
interest among agricultural chemists, because it suggests the puvs- 
sibility of increasing the effectiveness of the favourable conditions 
in the soil. Indeed, quite recently a substance has been produced 
on the large scale, which claims to owe part of its value to the 
possession of some such properties. As the matter is still under 
investigation, I do not propose to discuss it further this evening. 
We go back, then, to our three established principles. Each 
of these can be recognised broadly in every case of crop produc- 
tion, but considerable difficulties arise when one tries to develop 
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any of them; there are so many factors involved and their inter- 
action is so complex. I can best illustrate this by taking one of 
the factors in some detail, and I will choose one that has received 
very much attention from chemists, namely, the supply of 
phosphates. 

Phosphates are indispensable for plant growth, and well con- 
ducted physiological experiments have shown a simple connexion 
between the amount of phosphate supplied and the amount of 
growth. Mitscherlich’s results are plotted in Fig. 8; the plants 
were grown in sand, so as to eliminate various disturbing factors. 
But such simple results are never attained in soil. To begin with, 
there is always some phosphate already present. At first sight it 
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looks easy enough to take account of this, and simply add it on as 
a constant in the equation. It has proved almost impossible, 
however, to give any precise value to the amount of phosphate in 
the soil that is of any use to the plant. Ville showed years ago 
that the amounts revealed by chemical analysis are far beyond 
anything the plant can ever get: 


Quantities of Potash and Phosphates in Soil and in Crops 
(Ville at Vincennes, 1864). 


Lbs. per acre. 
In four crops __In three crops 
In soil. of wheat. of beetroot. 


62 132 
102 288 


In spite of the large amounts in the soil, the plants began 
to starve for want of added phosphates, and Ville rather 
gloomily concluded that “chemistry is powerless to throw light 
on the chemical properties of the soil.’ One could hardly 
expect chemists to acquiesce in that view, nor did they. They 
faced the situation quite squarely; they had found too much phos- 
phorus and potassium in the soil: they proceeded to try again 


and find less. Instead of using strong acids they used dilute 
acids; several were suggested, and by a happy inspiration Bernard 
Dyer selected 1 per cent. citric acid as being the most suitable ; 
although that was twenty-one years ago, 1 per cent. citric acid 
still holds the field in this country. 

The part extracted by dilute acids was called the “available” 
portion to distinguished it from the “unavailable.” The new 
method at once proved very helpful; it was used by Wood in his 
Norfolk experiments (T., 1896, 69, 287). Difficulties, however, 
soon began to arise. It was found impossible to assign any definite 
value to the amount of available phosphate present. Variations 
in the conditions of the experiment gave wholly different values 
for the amount of “available” phosphate, whilst in the case of 
nitric acid the longer the acid acted the less phosphoric oxide 
(P,O;) was extracted. 

Now that gave the clue to the problem. It is obvious that there 
must be two actions going on: a direct solvent action and a 
reverse action, resulting in the withdrawal from the solution of 
the dissolved phosphoric oxide. The direct reaction was studied 
by extracting the soil by a diffusion method; this eliminates the 
reverse reaction, and the various dilute acids now behave very 
much alike. The direct solvent action, therefore, is much the 
same for all dilute acids. 
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The reverse action was studied by swamping the direct action. 
Sodium phosphate was added to the soil and the acid was then 
allowed to act. The whole of the added phosphate was never 
recovered, in spite of its solubility and the presence of the acid. 
Some of it was withdrawn from the solution by the soil. By 
varying the amounts of added phosphate a curve was obtained 
showing how the phosphate was distributed between the soil and 
the solution, which turned out to be the ordinary adsorption 
isotherm, similar in type to that obtained with charcoal and dilute 
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acids (Fig. 9). The constants are not the same for the different 


acids, and from these curves it is possible to go back and explain 
the apparently erratic action of the different acids on the soil. 
Thus it appears that when phosphate is added to the soil for 
the purpose of increasing the growth of a crop it does not simply 
stop in the soil, waiting for the plant to take it up. It reacts 
with the soil; it is adsorbed, and the amount available for the 
plant at any time depends on the adsorption relationships. There 
is, in short, a competition between the plant and the soil for the 
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phosphate. Fig. 10 gives the curves for a clay and a sandy soil, 
which show that adsorption is greater for clay than for sand; in 
other words, the clay competes for the phosphate more vigorously 
than does the sand. An amount, therefore, which is sufficient for 
the plant growing in a sandy soil proves inadequate on a clay soil. 
This has thrown light on an interesting problem in manuring, for 
it has long been known that clay soils stood in more need of 
phosphatic manures than sands. The field results bring out this 
fact: the yield of barley on the heavy Rothamsted soil falls when 
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phosphates are omitted, but it does not react nearly so quickly on 
the Woburn sand. 

It seems a far cry from the logarithmic curve expressing an 
adsorption isotherm to the management of barley and turnips, but 
the connexion is really simple and direct. 

This, however, does not settle the matter. The plant is a living 
thing, and consequently its requirements are not rigidly constant, 
but vary with the conditions. There are very good grounds for 
supposing that the plant actually requires more phosphate on a 
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clay soil than on a sand. These are the effects produced by 
phosphates : 


Promotion of early growth, 
- », root development, 
a », early ripening, 
Specially active on clay soils, 
os » in wet regions, 
ja » for shallow rooting, and quick growing plants, for 
example, swedes and turnips. 


It is possible that some simple connexion underlies all these, but 
no one has yet discovered it. 


Fie. 11. 


Yields obtained at Saxmundham on plots receiving (a) artificial 

fertilisers alone, (b) artificials and farmyard manure. The effect 

of withholding phosphates is seen to be far more marked in 
absence of farmyard manure than where it is added. 
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Again, seeing that the need varies with the conditions, it is 
clear that if the conditions are altered the needs may change. 
When, for instance, a dressing of farmyard manure is applied, 
some of the properties of the soil are altered; it becomes more 
porous and more retentive of water, and phosphates may behave 
differently from what they did before. That is well shown on the 
Saxmundham plots (Fig. 11). 


1855 


RUSSELL: THE PRINCIPLES OF CROP PRODUCTION. 


It is unnecessary to go any further. The point I want to bring 
out is that the simple and incontrovertible statement that phos- 
phates increase plant growth proves very complex when applied in 
practice. So it is with the other factors. They can be dis- 
entangled and investigated, but it is not yet possible to put them 
together again and predict the resultant. One cannot set out from 
first principles and reconstruct the normal case of crop production ; 
the factors are too numerous and too complex. 

Yet something has got to be done. The technical chemist has 
the advantage over his colleague in the purely scientific laboratory 
that he cannot shelve an inconvenient problem. He is compelled 
to do something. The practical man brings in his problem with 
such insistence that, for shame’s sake, one is bound to make an 
endeavour to solve it. A method has been evolved, an empirical 
method, which, whilst not very rigid, has at least the merit that 
it works. It consists in going into the field and finding out the 
actual agricultural properties of the soil by observations, inquiries, 
and direct field experiments; these have to be repeated for two 
or three years because the first results may only have been a trick 
of the weather, but if the same result is obtained for several seasons 
running, one may be sure of being right. 

All that is old; it is, of course, Ville’s method over again. The 
new part consists in trying to extend the results to other soils. 
For this purpose a soil survey of the area, usually the county, is 
arranged. The surveyor goes over the ground with a geological 
and orographical map and divides it up into areas of similar soil 
and vegetation characteristics. He then takes samples of soil 
typical of each area and makes fairly complete chemical, physical, 
and bacteriological studies of them. Simultaneously he collects 
information from the farmer about their agricultural properties, 
and, if necessary, arranges for proper field trials. 

In this way a collection is made on the one hand of the agri- 
cultural properties, on the other of the chemical, bacteriological, 
and physical data, of typical soils. It is obvious that the possession 
of these standard soils helps the analyst and expert adviser very 
considerably ; if a farmer asks for information it is much easier and 
safer to compare his soil with the standard than to attempt any 
absolute measurements. Moreover, these soil surveys are greatly 
facilitating advisory and analytical work. 

They do far more than that, however. The normal case of crop 
production can never be decided on purely laboratory methods 
because there are always two or three varying factors, whereas in 
the ideal laboratory experiment there is only one factor varying. 
We are not, however, confined to the ordinary laboratory methods. 
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Statisticians have to deal with problems involving two or three 
variables, and they have worked out a method—the method of 
correlation—which, when intelligently applied, gives valuable 
results. It is hoped to apply this to crop production. The neces- 
sary masses of data are slowly being accumulated, and it is 
anticipated that very interesting results will be obtained. 

‘The ordinary laboratory method, however—the one factor 
method—may still on occasions work satisfactorily. It some- 
times happens in Nature that one of the various interacting factors 
overshadows all the rest and virtually eliminates them, so that 
here too it is possible to apply laboratory methods with satisfactory 
results. 

For example, on a certain type of clay soil the whole situation 
is controlled by the circumstance that phosphates are almost 
absent, whilst the need of the plant for phosphates is particularly 
great. The addition of basic slag in these circumstances has caused 
most remarkable improvement. The best instances are seen at 
Cockle Park, and the results are given in their Bulletins. 

Another illustration is furnished by our work on the partial 
sterilisation of soils. We had several times had occasion to carry 
out the fundamental experiment showing that the decompositions 
cease once the soil has been heated sufficiently to kill all organisms. 
On one occasion, however, the autoclave was out of order, and the 
soil was only heated sufficiently to kill the active forms and not the 
spores. To our surprise, the bacterial activity was now much 
greater than before. Other methods of partial sterilisation had 
the same effect. These results are reflected in plant growth, 
which is markedly increased by partial sterilisation. Other experi- 
ments, which I need not now describe, showed that any treatment 
of the soil which is detrimental to life produces the same effect, 
sometimes, of course, with secondary effects as well. Conversely, 
it. was shown that any method of treatment favourable to life, 
such as increased temperature and moisture content and addition 
of stable manure, leads, sooner or later, to a falling off of bac- 
terial activity. The simplest explanation of the phenomena is that 
the soil population can roughly be divided into two groups: one 
favourable to the production of plant food, the other not. The 
useful population is, on the whole, more resistant to adverse cir- 
cumstances than the harmful organisms, and therefore survives 
more drastic treatment. Hence any method that kills some, but 
not all, of the soil population effects an improvement and leads to 
good results. A continued spell of favourable conditions, however, 
enables the harmful organisms to establish some sort of superiority. 
This hypothesis throws important light on the behaviour of the 
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soil in natural conditions, and it reveals another factor in crop 
production. 

We have not yet succeeded in making much of it in the normal 
case; indeed, we have hardly attempted to do so, for the reason 
I have already given: there are so many interacting factors. There 
are, however, cases where this one factor largely dominates the 
situation. In glasshouses run at a high pitch, where the soil tem- 
perature and water content are high, and where large dressings of 
organic manures are used, the bacterial efficiency falls off so much 
that the plants begin to suffer. The soil, in the picturesque 
language of the practical man, is said to become “sick.” This 
sickness proved so difficult to deal with in practice that the 
problem was given up; the soil was thrown out and new soil 
brought in to take its place. 

As soon as the problem came to our notice it was easy to suggest 
a remedy. The reduction of bacterial activity seemed clearly due 
to an excessive development of the detrimental organisms.’ It was 
only necessary to adopt partial sterilisation to get rid of these 
and to give the useful organisms a better chance of action. The 
basis of a suitable method was already in existence; steam had 
been used to kill insect pest in the houses, and by suitable modifica- 
tion this process was successfully used for. the treatment of sick 
soils. 

In cases of this sort, where only one factor is concerned, one is 
back to the old laboratory conditions in which one was brought 
up and trained to think, and consequently there is always con- 
siderable hope of success. It is fortunate for us that these cases 
puzzle the practical man more than the normal case, so that he 
rather tends to bring them in as specially difficult problems, and 
any little success on our part bring us more credit than we really 
deserve. aa 

There is, however, a very real advantage. The most fruitful 
ideas for working out the development of our subject have often 
been got from abnormal cases brought in by the growers. Prac- 
tical men have the great advantage that they are compelled to 
keep their eyes open for Nature’s problems; they cannot shirk 
them, or they find their crops suffering and themselves losing 
money. The close association of Science with an industry is, 
therefore, a great advantage, because it brings in new problems 
which, if properly investigated, may prove extremely valuable in 
opening up new fields of knowledge. There is an exhilarating 
freshness about all this work that one often misses in the more 
academic investigations. 

All the same, while speaking in praise of applied science, one 


1858 BRADY AND DUNN: 


must recognise that science cannot be applied until it is developed. 
We have seen, and instances might have been multiplied, how 
the hydrolysis of protein throws light on the proper management 
of a manure heap, and how the adsorption isotherm worked out for 
charcoal and dilute acids clears up a difficulty in the manuring of 
turnips. It is impossible to set any limit to the value of good 
work in science honestly carried out. The fact is that Science and 
Creative Industry are one and indivisible, and any attempt to 
divorce them may only end in disaster. 


CC.—The Isomerism of the Oximes. Part VII. 
5-Bromovaniliinoxime, 5-Nitrovanillinoxime and 
6-Nitropiperonaloxime. 


By Oscar Liste Brapy and Frepericx Percy Dunn. 


As certain negative substituents in the benzene ring seem to 
favour the existence of two isomeric oximes, the effect of the intro- 
duction of negative groups into vanillinoxime has been investigated. 
Bromovanillinoxime has not been previously prepared, and although 
the aldehyde has been described it has not been oriented. It was 
found impossible to oxidise the aldehyde to the corresponding 
acid, but the latter was obtained through the oxime and nitrile 
and found to be identical with 5-bromo-4-hydroxy-3-methoxybenzoic 
acid (Robertson, T., 1908, 93, 792). The oxime may be obtained 
by the usual methods; it melts at 179°, and gives a diacetyl deriv- 
ative when treated with acetic anhydride and sodium carbonate 
solution thus indicating its configuration. 

Dry hydrogen chloride in anhydrous ethereal or chloroform solu- 
tion precipitates a hydrochloride, which regenerates the original 
oxime with sodium carbonate solution. It seems therefore that 
the introduction of the bromine atom has not influenced the 
inhibitive effect on the existence of a second isomeride exercised 
by the methoxyl and hydroxyl groups. 

The same applies to 5-nitrovanillinoxime, which, as obtained by 
the action of hydroxylamine on the aldehyde, melts at 216° instead 
of 200—201°, as stated by Vogl (Monatsh., 1899, 20, 387). This 
oxime has the anti-configuration, in that it yields a diacetyl, in 
addition to a monoacetyl, derivative on treatment with acetic 
anhydride and sodium carbonate, the diacetyl derivative regener- 
ating the original oxime on hydrolysis. 


THE ISOMERISM OF THE OXIMES. PART VII. 1859 


It has not been found possible to prepare a syn-derivative of 
this oxime, dry hydrogen chloride giving with an anhydrous 
ethereal solution a precipitate of a hydrochloride, which furnishes 
the original oxime on treatment with sodium carbonate solution. 

Unlike vanillinoxime, piperonaloxime may be readily converted 
into a syn-isomeride by the usual methods, and it was thought that 
6-nitropiperonaloxime would also exist in two isomeric forms. 
Treatment of this oxime with acetic anhydride and sodium car- 
bonate yielded an acetyl derivative, thus establishing the anti- 
configuration of the normal compound. 

Attempts to prepare the syn-isomeride revealed rather an un- 
expected difficulty, as it was found impossible to obtain a hydro- 
chloride of this oxime. This is the first aromatic aldoxime within 
the experience of the authors where this has been the case. The 
oxime is almost insoluble in ether, but dissolves sparingly in 
chloroform; dry hydrogen chloride, however, gives no precipitate 
with the solution. Dunstan and Thole’s method (P., 1911, 27, 233) 
likewise failed to give the hydrochloride, and Beckmann’s method 
(.Lnnalen, 1909, 365, 201) yields, not the hydrochloride, as in other 
cases, but the oxime itself. It is, therefore, impossible to decide 
at present whether 6-nitropiperonaloxime exists in two stereo- 
isomeric forms. 

EXPERIMENTAL. 


5-Bromovanillinoxime. 


Bromovanillin was prepared by the direct bromination of 
vanillin in glacial acetic acid in the presence of anhydrous sodium 
acetate. The oxime was obtained by boiling an alcoholic suspension 
of the aldehyde (1 mol.) with hydroxylamine hydrochloride 
(14 mols.) and anhydrous sodium carbonate (0°5 mol.) for one 
hour uuder reflux. The mixture was poured into water and the 
precipitated oxime was crystallised from dilute alcohol, from which 
it separated in colourless needles, melting at 179°: 

02110 gave HBr equivalent to 8°75 c.c.V/10-AgNO,. Br=33°2.* 

C,H,O;NBr requires Br=32°7 per cent. 

The bromination product of vanillin has not been oriented, and 
as the position of the bromine atom was of interest it was necessary 
to investigate this question. 

It was found that bromovanillin could not be oxidised to the 
corresponding acid by chromic acid in glacial acetic acid or by 
alkaline permanganate; if the theoretical quantity of oxidising 
agent is employed, part of the aldehyde is completely oxidised 
and the rest remains unchanged. When, however, the oxime is 


* (Robertson’s method, this vol., p. 902.) 


1860 BRADY AND DUNN: 


boiled with acetic anhydride for one hour and the excess of 
anhydride decomposed with cold sodium hydroxide solution, 
5-bromo 4-acetoxy-3-methozybenzonitrile is obtained. This separates 
from alcohol in colourless crystals, melting at 110—111°: 

0°2212 gave HBr equivalent to 8°15 c.c. V/10-AgNO;. Br=29°5. 

C,,H,O,;NBr requires Br=29°7 per cent. 

On boiling this compound for a few minutes with dilute sodium 
hydroxide solution it dissolves, and, on cooling, shining plates 
of the sodium salt of 5-bromo-4-hydroxy-3-methozybenzonttrile 
separate. These were decomposed with dilute hydrochloric acid 
and the nitrile was crystallised from alcohol, from which it separated 
in colourless needles, melting at 144°: 

0°2134 gave HBr equivalent to 9°3 c.c. V/10-AgNO;. Br=34°'8. 

C,H,O,NBr requires Br=35'1 per cent. 

This nitrile was boiled for an hour with 20 per cent. sodium 
hydroxide solution; ammonia was evolved, and on acidifying the 
solution the acid was precipitated. This was crystallised from 
alcohol and found to be identical with the 5-bromo-4-hydroxy- 
3-methoxybenzoic acid (m.p. 221°) obtained and oriented by 
Robertson (loc. cit.). Found Br=32°2. C,H,0,Br requires 
Br=32'4 per cent.) 

Diacetylbromovanillinozime.—The oxime was dissolved in warm 
acetic anhydride and the reaction mixture decomposed with sodium 
carbonate solution. A viscid substance separated, which solidified 
after being pressed on a porous plate and left for some weeks. 
This was crystallised from dilute alcohol and obtained as a fine 
crystalline powder, melting at 122°: 

0°2537 gave HBr equivalent to 7°5 c.c. V/10-AgNO,. Br=23°8. 

C,.H,,O;NBr requires Br=24°2 per cent. 

The same compound is obtained by dissolving the oxime in acetic 
anhydride and allowing the liquid to evaporate in a vacuum over 
concentrated sulphuric acid and calcium hydroxide. It is insoluble 
in alkalis, but on boiling with a solution of sodium hydroxide it 
regenerates the original oxime. 

Action of Hydrogen Chloride on Bromovanillinoxzime.—A dry 
ethereal solution of the oxime was saturated in the usual way 
with dry hydrogen chloride. A colourless, crystalline hydro- 
chloride separated, which melted and decomposed at 175°: 

0°2260 required 7°8 c.c. V/10-AgNO;. Cl=12°3. 

C,H,O,NCIBr requires Cl=12°5 per cent. 

This hydrochloride was decomposed with sodium carbonate solu- 
tion, and part of the oxime so obtained was crystallised from cold 
acetone and water; the product proved to be the original oxime. 
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The rest of the crude oxime was treated with warm acetic anhydride 
and subsequently sodium carbonate solution, but the acetyl deriv- 
ative, and not the nitrile, was the product of the reaction. 


5-Nitrovanillinoxime. 


The oxime was prepared in the usual way by the action of 
hydroxylamine hydrochloride on 5-nitrovanillin in the presence of 
sodium carbonate. It may be crystallised from alcohol or glacial 
acetic acid, in which solvents it is sparingly soluble, and separates 
in orange-yellow needles (pale from alcohol, deep from acetic acid), 
melting at 216°. When a solution of the oxime in hot sodium 
carbonate solution is allowed to cool, the sodium salt separates in 
red needles, and may be recrystallised from hot water,in which it is 
readily soluble. It is not explosive, but deflagrates slightly on 
rapid heating: 

0°1870 gave 0°0553 Na,SO, Na=9°6. 

C,H-O;N.Na requires Na=9°8 per cent. 

The salt does not lose weight on heating to 105° for twelve hours. 

Acetyl Derivatives of 5-Nitrovanillinoxime.—If 5-nitrovanillin- 
oxime is warmed with acetic anhydride, only a small portion dis- 
solves; if the solution is filtered and the filtrate decomposed with 
sodium carbonate solution (avoiding excess),.a mixture of the mono- 
and di-acetyl derivatives is obtained. By repeated recrystallisation 
from dilute alcohol the monoacetyl derivative may be obtained 
pure as orange needles, melting at 147°. These, however, contain 
one molecule of water, which is lost at 105°: 

0°1942 gave 17°4 c.c. N, at 17° and 760 mm. N=10°5. 

0°2170 lost 0°0139 at 105°. H,O=6'4. 

C,9H,,O,N,,H,O requires N=10°3; H,O=6'6 per cent. 

The mother-liquors from the crystallisation of the above com- 
pound were treated with dilute sodium hydroxide solution to dis- 
solve the monoacetyl derivative, and the small quantity of diacetyl 
derivative, which was insoluble, was collected and crystallised from 
alcohol, when it was obtained as a yellow, crystalline powder, 
melting at 112°: 

0°1400 gave 11°6 c.c. N, at 15° and 760 mm. N=9'8. 

C,.H,,0;N, requires N=9°5 per cent. 

Both these acetyl derivatives regenerate the oxime on hydrolysis 
with alkalis. 

The amount of acetyl derivative obtained by the above method 
was small, and a more convenient way was subsequently discovered 
for the preparation of the monoacetyl derivative. The oxime was 
dissolved in pyridine and treated with a solution obtained by 
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adding slightly more than the theoretical quantity of acetyl 
chloride required for the acetylation to excess of well-cooled 
pyridine. This method seems to be very generally applicable to 
the preparation of acetyl derivatives of the oximes, and differs 
from the action of acetyl chloride in ether or benzene. in that no 
nitrile is formed. 

Action of Hydrogen Chloride on 5-Nitrovanillinozime.—The 
oxime is sparingly soluble in ether, and hydrogen chloride after 
rather prolonged action precipitates from this solution a hydro- 
chloride melting and decomposing at 204°. On treatment of this 
compound with sodium carbonate solution, it dissolves with the 
characteristic deep red colour of the sodium salt of the oxime; 
dilute sulphuric acid precipitates from this solution the original 
oxime. 

6-Nitropiperonaloxime. 


The oxime was prepared in the usual way and crystallised from 
alcohol. 

Acetyl Derivative of 6-nitropiperonalozime.—The oxime was dis- 
solved in warm acetic anhyride and the excess of the reagent decom- 
posed with sodium carbonate solution. The solid remaining 
crystallised from alcohol in yellow needles, melting at 142°: 

0°1860 gave 17°8 c.c. N, at 17° and 760 mm. N=11°2. 

C,>H,O,N, requires N=11'1 per cent. 

Action of Hydrogen Chloride on 6-Nitropiperonalozime.—The 
oxime was dissolved in dry chloroform, in which it is very sparingly 
soluble, and the solution was saturated with dry hydrogen chloride. 
No precipitate was formed, and on evaporating the solvent in a 
current of dry air the oxime was recovered unchanged. The oxime 
was then suspended in concentrated hydrochloric acid and the 
solution saturated with hydrogen chloride. On collecting the 
solid, however, it proved to be the original oxime. (Compare 
Dunstan and Thole, loc. cit.) An attempt was made to prepare 
the hydrochloride by means of Beckmann’s method (loc. cit.). 
6-Nitropiperonal was dissolved in alcohol and the calculated 
quantity of hydroxylamine hydrochloride was added. The mixture 
was kept at 55° for five hours, when a large quantity of a yellow, 
crystalline substance separated. When the mixture was cold the 
solid was collected, and found to be 6-nitropiperonaloxime and not 
the anticipated hydrochloride. 
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freezing-point diagrams of mixtures 
of formamide with water and 
(ENGLISH and TURNER), 774. 
dibasic, dissociation constants of 
(Datra and Duar), 824. 
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Address, presidential (Perkin), 557. 

Akundaric acid, C,H 4,03. 

Akundarol, C,,H,,0s. 
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Halogens, reactivity of, in organic com- 
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Ketones, hydroaromatic (CRossLEY and 
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isonitroso-, action of chloroamine on 
(ForsTER), 265. 
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Society (RussELL), 1838. 
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mixed, influence of change of volume 
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viscosity and freezing-point deter- 
minations of (ENGLISH and TurR- 
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volume method to (ATKINS and 
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of nitriles with (TURNER), 1459. 
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Menthyl derivatives, rotation of (KEN- 
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Metallo-compounds (PICKERING), 942, 
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Molybdenum steel, corrosion of (AITCHI- 
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Morin, amino-, C,,H,,0,N. 

Mudaric acid, C,.H,,03. 

Mudarol, C3,H,,03. 

Mutarotation in aqueous solution, 
mechanism of (IRVINE and STEELE), 
1230. 


N. 
a-Naphthapyranols, synthesis of (GHosH), 
739 


Nickel organic compounds (PICKERING), 
942. 
Nitriles, action of, on magnesium or- 
ganic compounds (TURNER), 1459. 
Nitroamides, aromatic, absorption spectra 
of (MoreGan, Moss, and Porter), 1296. 
Nitroamines, aromatic, absorption spectra 
of (MorGAN, Moss, and Porter), 1296. 
Nitro-compounds, reduction of (Hurst 
and THoRPE), 934. 
colour reactions of (HarrER and 
MAcBETR), 87 ; (MacBETH), 1824. 
Nitrogen, ratio of the specific heats of 
hydrogen and (Crorts), 290. 
Nitric acid, density of solutions of 
(BousFIEtp), 1407. 
viscosity of solutions of (BouSFIELD), 
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Nitrogen atom, pr mig structure 
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of (CoHEN, MARSHALL, and Woop- 
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Edward Riley, 556. 

William James Sell, 593. 

Joseph William Thomas, 588. 
Robert Williamson, 590. 

Optical activity and enantiomorphism 
of molecular and crystal structure 
(BaRrLow and Pope), 700. 

inversion, Walden’s (SENTER and 
Drew), 638 ; (SENTER), 908 ; (Mo- 
KEnziz and WALKER), 1685. 

superposition, studies in (T. S. and 
D. C. Parrerson), 142. 

Organic chemical industry, position of 
the (PERKIN), 557. 

Organic compounds, rotatory dispersion 
of (Lowry and Dickson), 1173; 
(Lowry and ABRAM), 1187; 
(Lowry), 1195. 

reactivity of halogens in (SENTER and 
Woop), 1070. 

compounds of iodine and (BARGER 
and STARLING), 411. 


INDEX OF SUBJECTS. 


Organic compounds, aromatic, orienta- 
tion in (COHEN and Murray), 847. 
estimation of bromine and chlorine in 
(RoBERtTsoN), 902. 
Osmotic pressure of alcoholic solutions 
(Prick), 188. 
Oximes, isomerism of (BrRapy and Duny), 
1858. 
Oxygen, influence of constitution on the 
basic properties of (GuosH), 15388. 


P. 
Palm oil, catalytic bleaching of (Sastry), 
1828 


Papaverine, O,,H,,0,N. 

Pavine, C..H,,0,N. 

Perchloric acid. See under Chlorine. 

Phenetole, C,H,,0. 

Phenoxides, sodium, 
(Boyp), 1538. 

p-Phenylenediamines, alkylated (Mzt- 
DOLA and HOLLELY), 610. 

Phenylhalogenacetic acids, optically 
active, displacement of halogen in, by 
the anilino-group (McKenzie and 
Bate), 1681. 

Phenylpropiolic acid, C,H,O,. 

Phenylsuccinic acid series, studies in 
the (WREN and SrTiLx), 1449, 

Phosphorus :— 

Phosphoric acid, organic, of wheat 
(CLARKE), 360. 

Phototropy, studies in (SENIER and 
ForsTEr), 452, 1168. 

Phthalides, synthesis of (Copisarow 
and WEIZMANN), 878. 

Phthalylhydrazides, polymorphic 
(CHATTAWAY and LAMBERT), 1773. 

Pinacones, synthesis of (PARky), 108. 

Platinum, preparation of bromo- and 
chloro-triammino-haloids of (Tscuvu- 
GAEV), 1247, 

Polymorphic substances, distinction of 
tautomeric, isomeric, and polymeric 
from (Stp@wick), 672. 

Potassium sulphate, interaction of per- 

chloric acid and (Davis), 1678. 
estimation of, by the perchlorate 
method (THIN and CummMine), 361. 

Potential, measurement of, by means of 
the capillary electrometer (NEWBERY), 
852. 

Primula, occurrence of flavone as the 
farina of (MULLER), 872. 

Pump, laboratory circulating (MorGAN), 
1710. 

Pyranol colouring matters, production 
of, from flavone colouring matters 
(Watson, SEN, and MEpaI), 1477. 


Pyrones, C,H,0,. 


hydrolysis of 
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Quebrachine. See Yohimbine. 

isvQuinoline derivatives (PyMAN), 176. 

Quinoneimide-ammonium compounds 
(MeLpoLA and HoLLety), 610. 


R. 


Refraction, influence of change of volume 
on the, of mixed liquids (HoLMEs), 
1471. 

Refractivity and rotatory power (PEA- 
cock), 1547. 

Ring formation, studies in (TURNER), 
1495. 

Rotatory power and chemical constitu- 

tion (Kenyon and PICKARD), 
35, 115. 
and refractivity (Pkacock), 1547. 


Selenium, fusion of iodine and (WRIGHT), 
1527. 

Semicarbazones (HENDERSON and HEIL- 
BRON), 1740. 

Silicon compounds (MARTIN), 319. 


Trisilicon octachloride, action of ethyl | 


and methyl alcohols on (MARTIN), 
319. 

Silicon organic compounds (MEADs and 
KippinG), 459 ; (MaRtTIN), 1043. 

Siliconic acids, so-called, experiments 
with (MEAps and Kippine), 459. 

Silico-oxalic acids, preparation and con- 

stitution of (MARTIN), 319. 
action of alkalis and water on 
(MARTIN), 1048. 

Solids, anhydrous, preparation of 
(ATKINS and Witson), 916. 

Solutions, theory of (Hotmgs), 1471. 
alcoholic, osmotic pressure of (PRICE), 

188. 
aqueous, density and viscosity of 
(BovusFIELD), 1405. 
saturated, vapour pressures of 
(ApPLEBEY and Huaeuess), 1798. 
supersaturated (JonEs and PARTING- 
TON), 1019. 

Solvents, organic, dielectric constants 
of, at their melting or boiling points 
(CAuwoop and TurNER), 276. 

Spectra, absorption, of aminoazo-com- 

— (Baty and Hampson), 
48. 

of benzene derivatives (BALY and 
TRYHORN), 1058. 

of colouring matters (WaTsON and 
MEEK), 1567; (MeEpHI and 
Watson), 1579, 
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Spectra, absorption, of halogen and 
nitrile derivatives of benzene and 
toluene (Purvis), 496. 

nitroamines and nitroamides 
(Morean, Moss, and Porter), 
1296. 

Stannous chloride. See under Tin. 

Steel. See Molybdenum steel. 

= influence (Davis and Rrxon), 

28. 
Sugars, alkylation of (Haworrn), 8. 
Sulphur, reaction between calcium 
hydroxide and (AuLD), 480. 
fusion of iodine and (WRieHT), 1527. 
dioxide, gaseous and liquid, absorption 
spectra of (GARRETT), 1324. 
Sulphuric acid, action of stannous 
chloride on (DURRANT), 622. 
Sulphurous acid, absorption spectra 
of, and of its salts (GARRETT), 
1324. 
action of stannous chloride on 
(DurRANT), 622. 


T. 


Tautomerism, distinction between 
polymorphism and (Sipewick), 672. 

Tellurium, fusion of iodine and 
(Wricut), 1527. 


| Tetrahydro-8-naphthaquinaldine, 


O,,H,N. hae 
Thermotropy, studies in (SENIER and 
Forster), 452, 1168. 
Tin, atomic weight of (BRISCOE), 63. 
Stannous chloride, action of, on 
sulphuric and sulphurous acids 
(DuRRANT), 622. 
Trimethylcoumarin, C,,.H,,0,. 


Vv. 


Valency volume, theory of (BARKER), 
744. 

Vapour density, determination of 
(BLackmMaNn), 1500. 

Vapour pressure of saturated aqueous 
solutions (APPLEBEY and HuvueuHes), 
1798. 

Velocity of alcoholysis, determination of 
(KoLHATKAR), 921. 

Velocity of crystallisation from aqueous 
solutions (CAMPBELL), 475. 

Velocity of hydrolysis, determination of, 
polarimetrically (CROCKER), 1762. 

Velocity of ignition of mixtures of 
methane and air (PARKER), 328. 

Velocity of ionisation at low temperatures 
(NoRMAND), 285. 

Viscometer, improved 
1782, 


(BousFIELD), 


| 


1878 INDEX OF 


Viscosity and chemical constitution, re- 
lation between (DuNsTAN), 667. 
of aqueous solutions (BovsFIELD), 
1405, 1781. 


W. 
Walden inversion, studies on (SENTER 


and Drew), 638; (Senrer), 908; 
(McKeEnziz and WALKER), 1685. 


SUBJECTS. 


Water, influence of added substances on 
the solvent power of (Paitip and 
BRAMLEY), 377, 1831. 

Wheat, organic phosphoric acid of 
(CLARKE), 360. 


Y. 


Yohimbic acid, C,,H,;0,N,. 
Yohimbine, C,.H,,0;N,. 


of 


FORMULA INDEX. 


Tae following index of organic compounds of known empirical formula is arranged 
according to Richter’s system (see Lexikon der Kohlenstoff-Verbindwngen). 

The elements are given in the order C, H, O, N, Cl, Br, I, F, 8, P, and the 
remainder alphabetically. 

The compounds are arranged— 

Firstly, in groups according to the number of carbon atoms (thus C, group, 
C, group, etc. ). 

Secondly, according to the number of other elements besides carbon contained in 
the molecule (thus 5 IV indicates that the molecule contains five carbon atoms and 
four other elements). 

Thirdly, according to the nature of the elements present in the molecule (given in 
the above order). 

Fourthly, according to the number of atoms of each single element (except carbon) 
present in the molecule. 


Salts are placed with the compounds from which they are derived. The chlorides, 
bromides, iodides, and cyanides of quaternary ammonium bases, however, are registered 
as group-substances, 


C, Group. 


CH, Methane, velocity of ignition of mixtures of atmospheric air and (PARKER), 
328. 

CO, Carbon dioxide, ratio of specitic heats for hydrogen and (Crorts), 306 ; 
solubility of, in water, in presence of starch (FrypLAy and Howe tu), 282; 
ignition of mixtures of electrolytic gas aud (CRorts), 306. 


1 II 
CH,0, Formic acid, basic copper salts (Fow Les), 1281. 
CH,N, Cyanamide, constitution, polymerisation and hydrolysis of (WERNER), 
715. 


Diazomethane, action of, on aromatic acyl chlorides (CLIBBENS and NIEREN- 
STEIN), 1491. 
€H,N, Guanidine, constitution and metallic derivatives of (KRALL), 1396. 
CO,N, Tetranitromethangs, colour reactions of (HARPER and Macsertn), 87 ; 
(MacBeraH), 1824. 
1 Ill 
CH,ON Formamide, freezing-point diagrams of mixtures of, with water and 
aliphatic aeids (ENGLIsH and TurNeER), 774. 
CO.N,Cl, Dichlorodinitromethane, preparation of (RAKsHIT), 1115. 


C, Group. 


C.H,O, Acetic acid, molecular complexity of (BENNETT), 351. 
C.H;,Br Ethyl bromide, preparation of (Weston), 1489. 
C,H,O Ethyl alcohol, equilibrium of benzene, caoutchouc and (Caspari), 162. 


2 Ill 


C,H;,0,Cl Chloroacetic acid, catalytic activity of, in presence of its salts 
(Dawson and Reiman), 1426. 

C.H,0.Br Bromoacetic acid, alkali salts, reaction of, with alkalis in methyl- 
alcoholic solution (SENTER and Woop), 1070. 

C,H;,OCl Chloromethy! ether, syntheses by means of (StmonsEN), 783 ; con- 
densation of, with a-alkylacetoacetic esters (LAPWuRTH and MELLOR), 1273 
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C, Group. 

C,H,O Acetone, equilibrium of caoutchouc, benzene and (Caspant), 162; nitra- 
tion and chlorination of (RAKsHIT), 1115 ; condensation of glycerol and (IRVINE, 
MACDONALD, and Sovrar), 337. 

Allyl alcohol, preparation of (CHATTAWAY), 407. 

C,H,O, Glycerol, condensation of, with acetone and benzaldehyde (IRVINE, 

MAcDONALD, and Sourar), 237. 


3 Ill 
C;H,0O.N Cyanoacetic acid, keto-enol transformation of, and its derivatives 
(Dawson, SuepEN, and Taytor), 1030. 
C,H,ON, Cyanoacetamide, action of, with hydroxymethylene ketones (SEN- 
Gupta), 1347. 
C;H,0.Br Bromopropionic acid, alkali salts, interaction of, with alkalis in 
metliyl-alcoholic solution (SENTER and Woop), 1070. 


8 V 
C,H,N,C1,SAu Thiazole-2-diazonium aurichloride (Morgan and Morrow), 
1295. 


C, Group. 


C,H,O, a-Tetronic acid, synthesis of (Kterz and Lapwortn), 1254. 

C,H,O, Diketodioxan, and its salts (GHosn), 1593. 

C,H,O, Succiniec acid, rotation of derivatives of (CLovcn), 96. 

C,H,O; Malic acid, rotation of derivatives of (CLoven), 99. 

C,H,O, Racemiec acid, partial resolution of, by means of J-maleic acid (Mc- 
KENzIE), 440. 

Tartaric acid, rotation of derivatives of (CLoven), 96. 

C,H,O, Methyleneglycerol, structure of, and its brucine salt (PEAcock). 815. 

C,H,,0, Glycerol a-methyl ether, preparation and reactions of (IRVINE, 
MAcbpoNALD, and SovuTar), 345. 


4 Ill 

C.H,0,N anti- and syn-a-Oximinobutyrolactones (KLerz and Lapworrs), 
259. 

C,H,O.N, /-Methylhydantoin (Dakin), 439. 

C,H,0,N, Allantoin, constitution of (Dakin), 434. 

C,H,0O,N, /-a-Carbamidopropionic acid (Dakrn), 438. 

C,H,,OBr, 87-Dibromo-a-methoxypropane (Irving, MacponaLp, and 
Sovrar), 349. 

C,H,CIP Chlorodiethylphosphine (Cottiz and ReyNo.ps), 368. 


4 IV 


C,H,.N,C1,Co trans-Dichlorodiethylenediaminecobaltic chloride, addi- 
tive compounds of (Prick and Brazier), 1713. 


C; Group. 


C;H,O, a- and y-Pyrones, compounds of iodine with (BARGER an STARLING), 
411. 


C,H,N, 1:2:3:9-Benzoisotetrazole (FARGHER and FuRNgss), 695. 
C;H,N, 2-Pyridylhydrazine, and its salts (FarcHER and Furness), 691. 
C;H,0, Acetylacetone, condensation of ethyl cyanoacetate and (SIMONSEN and 
Nayak), 792. 
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C;H,O, a-Hydroxy-8-methoxysuccinic acid (Hawortn), 15. 
Methyl tartrate, rotatory dispersion in (Lowry and ABRAM), 1187. 
C;H,,0 di-sec.-Butylcarbinol, preparation and resolution of, and its salts (COHEN, 
MARSHALL, and WoopMAN), 892. 
5 Ill 


C;H,O.N Ethyl cyanoacetate, condensation of, with acid chlorides (Brap- 
suAW, STErHEN, and WEIZMANN), 803; condensation of acetylacetone and 


(SIMONSEN and Nayak), 792. 


C, Group. 

C,H, Benzene, absorption spectra of halogen and nitrile derivatives of (PURVIS), 
496 ; equilibrium of, with caoutchouc and acetoue, and with caoutchoue and 
alcohol (CASPARI), 162. 

6 II 


C,H;N, 1:2:9-Benzoisotriazole, and its salts (FARGHER and FurNgEss), 695. 
C,H,0, Pyrogallol, oxidation of (NIERENSTEIN), 1217. 
C,H,Cl, Hexachlorocyclohexane, absorption spectra of (Purvis), 506. 
C,H,,O, Ethyl acetoacetate, condensation of, with acid chlorides (BRADSHAW, 
STEPHEN, and WEIZMANN), 803. 
C.H,0, y-Methoxypropane-af-dicarboxylic acid, and its silver salt 
(SIMONSEN), 787. 
C.H,,0, y-Methoxymethoxy-As-butylene (Lapworrn and MELtor), 1277. 
C.H;,0, Dextrose (glucose), new form of (Irvine, Fyre, and Hoae), 524. 
Dextrose and Laevulose, action of alkalis on (PowELL), 1335. 
a- and 8-Glucoses, mutarotation of (IRVINE and STEELF), 1230. 
C.H,,0, Mannitol, conductivity and rotation of, and of its methylated derivatives 
(IRVINE and STEELE), 1221. 
6 Ill 


C;H,0,N, Nitrobenzenediazo-oxides (MorGAN and Porrsr), 651. 

C,H,NCl 2-Chloropyridine, preparation of (FarcurR and FurRNEss), 690. 

C,H,0,N Nitrophenols, solubility of (Stpawick, SpurreLt, and Daviss), 
1202. 

C,H,N.Cl, 2:4-Dichlorophenylhydrazine, and its salts (CHarraway and 
PEARCE), 32. 

C;H,ON, 2-Pyridylsemicarbazide (FARGHER and FuRNgEss), 694. 

C.H,,0OP Triethylphosphine oxide, removal of oxygen from (CoLuIz and 
REYNOLDs), 367. 


6 IV 
C.H.,0,NBr Ethyl syn-oximino-y-bromobutyrate (Kierz and Lapworts), 
258. 
6V 


C.H,O,NC1,S p-Chlorobenzenesulphondichloroamide, and its salts (Bax- 
TER and CHATTAWAY), 1816. 
C,H,O,NBr;,S_ p-Bromobenzenesulphondibromoamide, and its salts (Bax- 
TER and CHaTraway), 1817. 
6 VI 


C,H,O,NC1,BrS p-Bromobenzenesulphondichloroamide, and its salts 
(Baxryr and CHATrAaWaAy), 1816. 
C,H,0,NCI1,IS p-lodobenzenesulphondichloroamide, and its salts (BAXTER 
and CBATTAWAY), 1817. 
C, Group. 


C,H, Toluene, absorption spectra of halogen and nitrile derivatives of (PURVIS), 
9 
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7 II 

C,H,O Benzaldehyde, condensation of glycerol and (Invinz, MACDONALD, and 
SouTar), 337. 

C,H,O, Benzoic acid, absorption spectra of (Purvis), 967; rotation of esters of 
(Kenyon and Picxarp), 115. 

C,H,O Anisole, absorption spectrum of (Purvis), 660. 

Cresols, solubility of (Stpewick, SpurREtL, and Davigs), 1203. 

C,H,N; Acetaldehyde-2-pyridylhydrazone (Farcuer and Furngss), 692. 

C,H,,0, Methyldihydroresorcin (+ H,O), preparation of (CrossLey and 
RENOvuF), 605. 

C,H,,.0, Ethyl ethane-a88-tricarboxylate, sodium derivative, action of 
chloromethyl ether on (SimonsEN), 783. 

C,H,,0, y-Methoxypropane-af8-tricarboxylic acid, and its silver salt 
(SIMONSEN), 786. 

C,H,.0, Ethyl malonate, condensation of, with acid chlorides (BRADSHAW, 
STEPHEN, and WEIZMANN), 803. 

ee rene oeenny emnnnne acid (LapwortH and MELLOR), 

1276. 

C,H,,0, 1-Methylcyclohexane-3:5-diol (CrossLey and Renovr), 606. 

C,H,,0, isoPropylideneglycerol methyl ether (IRvinzE, MAcDONALD, and 
SouTar), 344. 

C,H,;N 3-gem-Dimethyl]piperidine, and its salts (DuNLopr), 1712. 


7 Ill 
C,H,O,N, Pyrazine-2:5:6-tricarboxylic acid, and its copper salt (BRADSHAW; 
STEVHEN, and WEIzMANN), 813. 
C,H,;0,Cl o-, m-, and p-Chlorobenzoic acids, absorption spectra of (Purvis), 
969. 


C,H,0,Br o-, m-, and p-Bromobenzoic acids, absorption spectra of (Purvis), 
969. 


C,H,0,I o-, m-, and p-lodobenzvic acids, absorption spectra of (PURVIS), 969. 

C,H,0,N o-, m-, and p-Nitrobenzoic acids, absorption spectra of (Purvis), 970. 

C,H,0,N, 2:6-Dinitrophenyl-l-methylnitrosoamine (Metpota and Hot- 
LELY), 619. 

C,H,CIBr 3-Chloro-5-bromotoluene, preparation and nitration of (CoHEN and 
Murray), 847. 

C,H,OBr p-Bromoanisole, absorption spectrum of (Purvis), 660. 

C,H,O,N 4- and 5-Nitroguaiacols (CARDWELL and Rostnson), 255. 

C,H,O,N, 3:5-Dinitromethyl-p-phenylenediamine (Mgtpota and Hot- 
LELY), 617. 

C,H,ON o- and p-Anisidines, absorption spectra of (Purvis), 663. 

¥-Lutidocarbostyril, salts of (StmoNsEN and Nayak), 795. 
C,H,ON, Acetyl-2-pyridylhydrazine (FarcHER and FurNgss), 694. 


7IV 
C,H,ONC] 3-Chloro-p-anisidine (Hurst and Tuorps), 939. 


7V 
C,H,O.NC1.S p-Chlorobenzenesulphonmethylchloroamide (Baxter and 
CHATTAWAY), 1818. 
C,H,O.NCIS p-Chlorobenzenesulphonmethylamide (Baxter and Cuatra- 
way), 1818. 
7 VI 
C,H,O.NCIBrS p-Chlorobenzenesulphonmethylbromoamide (BAXTER 
and CHATTAWAY), 1818. 
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C, Group. 

C,H,O, Diketodihydrobenzdioxin, and its salts (GHosH), 1594. 
C,H,O, Ketodihydrobenzdioxin, and its salts (GHosH), 1596. 
C,H,O, Phenylacetic acid, absorption spectra of (PuRVIs), 967. 

o-, m-, and p-Toluic acids, absorption spectra of (Purvis), 969; solubility of 

(Srpewick, SpurRELL, and Davigs), 1203. 

C,H,O, Homopiperony! alcohol, reaction of (Roptnson), 267. 

Mandelie acid, absorption spectra of (Purvis), 968. 
CoH.0. 2-Hydroxy-6-methoxybenzoic acid (CLEWER, GREEN, and TuTIN), 


C,H,,.O0 Phenetole, absorption spectrum of (Purvis), 661. 
C,H,»0, A**-Hexadiene-Be-dicarboxylic acid, and its silver salt (SrmonsEN), 
790. 


C,H,,0, Dimethoxysuccinic acid, rotation of esters of (T. S. and D. C. 
PATTERSON), 151. 
C,H,,N, Acetone-2-pyridylhydrazone (FARGHER and Furngss), 692. 
C,H,.0, A'-cycloHexeneacetic acid, preparation of (BrEsLEy, INGoLD, and 
THORPE), 1099. 
cycloHexylideneacetic acid, preparation of (BEESLEY, INGOLD, and TuorPr), 


C,H,.0, A*-Hexene-8{-dicarboxylic acid (StmonsEn), 791. 

C,H,,0, Methyl methoxy-8-methoxy-a-methylcrotonate (LAPworTH and 
MELLorR), 1276. 

C,H,,0, Ethyl tartrate, rotatory power, refractivity and molecular solution 
volume of (Peacock), 1547; rotatory dispersion in (Lowry and Dickson), 
1173. 

C,H,,0, Ethyl 8-methoxy-a-ethoxypropionate (IRvINzE, MACDONALD, and 
SouTaR), 349, 

8 Ill 


C.H,0O,N; Trinitrodihydrobenzdioxin (Guosn), 1592. 
C,H,O.Br, Dibromodihydrobenzdioxin (GHosn), 1592. 
C,H,O,N. Dinitrodihydrobenzdioxan (Guosn), 1591. 
C,H,ON 1-Methylpyridone, preparation of (FArGHER and FurNEss), 690. 
C,H,0,Cl Phenylchloroacetic acid, kinetics and dissociation constant of 
(SENTER), 908; conversion of, into phenylaminoacetic acid (SENTER and 
DrEw), 638. 
l-Phenylechloroacetic acid, transformation of, into d-diphenylsuccinic 
acid (McKEnz1z, Drew, and MArTIN), 26. 
C,H,0,.Br Bromodihydrobenzdioxin (GHosn), 1592. 
Phenylbromoacetic acid, resolution of, and its salts (McKeNnzIz and 
WALKER), 1691. 
C,H,0O,N, Nitrobenzaldehydesemicarbazones, and their hydrochlorides 
(HENDERSON and HEILBRON), 1750. 


C,H,0;N, 5-Nitrovanillinoxime, and its salts (Brapy and Dunn), 1861. 
C,H,OBr p-Bromophenetole, absorption spectrum of (Purvis), 661. 
C,H,OF p-Fluorophenetole, absorption spectrum of (Purvis), 661. 


C,H,O.N Phenylaminoacetic acid, conversion of phenylchloroacetic acid into 
(SENTER and Drew), 638. 


C,H,O.N, p-Hydroxybenzaldehydesemicarbazone, and its salts (HENDER- 
son and HEILBRON), 1747. 
Pyruvic acid 2-pyridylhydrazone (+ 1}H,O) (FareHer and Furness), 
693. 
Salicylaldehydesemicarbazone, and its salts (HENDERSON and HEILBRON), 
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C,H,O,N 5- and 6-Nitro-2-methoxytoluenes (SrmonsENn and Nayak), 832. 

C,H,O,.N 6-Nitro-4-hydroxy-m-tolyl methyl ether (CARDWELL and 
ROBINSON), 258. 

C,;H,»0,N, 4-. 5-, and 6-Nitro-3-amino-2-methoxytoluenes (SrmoNSEN and 
NayYAk), 831. 

C,H,,ON o- and p-Phenetidines, absorption spectra of (Purvis), 664. 

C;H,,0.N 2-Aminoresorcinol dimethyl ether, and its salts (TuRNER), 
473. 


C,H,,NS p-Thiol-8-phenylethylamine, and its salts (Kine), 230. 


8 IV 
C,H,O,.NBr 5-Bromo-4-hydroxy-3-methoxybenzonitrile (Brapy and 
Dunn), 1860. 
C,H,O,NCl 6-Nitrohomopiperonyl chloride (G. M. and R. Rosrnson), 
1758. 


C,H,ON,Cl, Acetyl-2:4-dichlorophenylhydrazine (Cuarraway and 
Peakcek), 33. 

C,H,ON,Cl Chlorobenzaldehydesemicarbazones, and their hydrochlorides 
(HENDERSON and HEILBRON), 1749. 

C,H,O,.NCl 3-Chloro-4-acetylaminophenol (Hurst and Tuorrsr), 939. 

C,H,O,NBr 5-Bromo-4:6-dimethyl-2-pyridone-3-carboxylic acid (Simon- 
SEN and Nayak), 796. 

5-Bromovanillinoxime, and its hydrochloride (Brapy and Dunn), 1859. 

C,H,O,.N,S Thiazole-2-azoacetylacetone (MorGAN and Morrow), 1296. 

C,H,ONC] 3-Chloro-p-phenetidine, and its hydrochloride (Hust and 
Torre), 938. 


C, Group. 


C,H,O, Coumarin, salts of (Guo<n), 1599. 
Diketohydrindene, condensation of aromatic hydroxyaldehydes with (Sastry 
and GuosH), 1442. 
Phenylpropiolic acid, absorption spectra of (Purvis), 972. 
C,H,O, Cinnamic acid, absorption spectra of (Purvis), 970. 
C,H,,0, Ethyl benzoate, saponification of derivatives of (McComere and Scar- 
BOROUGH), 156. 
C,H,.0 8-Phenylpropyl alcohol, preparation and resviution of (Coney, 
MARSHALL, and WoopMAy), 895. 
C,H,.0, Homoveratry] alcohol, reaction of (Roprxson), 267. 
C,H,,0 1-isoPropyleyelohexan-3-one (CrossLuy and Prarr), 175. 
C,H,,0, Ethyl y-ethoxy-a-methylacetoacetate, preparation of (BRADSHAW, 
STEPHEN, and WEIZMANN), 810. 
C,H,,0, Glucoseacetone (Irvine and Macpona.p), 1701. 
C,H,,0 1-isoPropylcyclohexan-3-0l (CrossLEy and Pratt), 174. 
C,H,,0, 1-isoPropyleyclohexane-3:5-diol (CRossLEY and RENovF), 608. 
1:1:2-Trimeth yleyelohexane-3:5-diol (CrossLEY and RENOUF), 607. 
C,H,,0, Trimethylglucosone (Irvine and Macpona.p), 1710. 


9 Ill 


C,H,OS 2-Thio-1:2-benzpyran, and its salts (GnosH), 1599. 

C,H,O,N o-, m-, and p-Nitrocinnamic acids, absorption spectra of (PuRvis), 
971. 

C,H,0.N, Substance, from ethoxymethyleneacetylacetone and cyanoacetamide 
(Szen-Gurta), 1364. 

C,H,OC] Benzyl chloromethyl ketone (CiisBEns and NIERENSTEIN), 1492. 
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C,H,ON, 1-(2’-Pyridyl)-3-methyl-5-pyrazolone (FarcHER and FuRNgss), 
695. 


C,H,O,N, Piperonalsemicarbazone, dihydrochloride of (HENDERSON and 
HEILBRON), 1748. 

C,H,O,N Acid, from substance C,H,O,N, (SzN-Gupra), 1364. 

C,H,O,N, 3:5-Dinitro-l-acetylaminophenyl-4-methylnitrosoamine 
(Metpona and Ho.ieE.y), 615, 

C,H,O,N, 3:5-Dinitro-l-acetylaminophenyl-4-methylnitroamine (MEL- 
pota and HOoLLELy), 616. 

CHON, 3-Cyano-5-methyl-6-ethyl-2:3-dihydro-2-pyridone (Szn-Gupra), 
1362. 


C,H,NCl 2-Chlorotetrahydroquinoline (Sen-Gurra), 1358. 


C,H,O;N, 3:5-Dinitroacetylmethyl-p-phenylenediamine (MELDOLA and 
Hou.E.y), 615. 


C,H,,ON 2:3:5:6:7:8-Hexahydro-2-quinolone (Sen-Gupra), 1357. 


C,H,,ON, p-Tolylaldehydesemicarbazone, anid its hydrochloride (HENDER- 
SON and HEILBRON), 1746. 


C,H,,0.N, o- and p-Methoxybenzaldehydesemicarbazones, and their salts 
(HENDERSON and H«itsron), 1746. 
C,H,,0,N 3-Cyano-5-methyl-6-ethy]-2:3-dihydro-2-pyridonecarboxylic 
acid (SEN-GuptA), 1363. 
1:4:6-Trimethyl-2-pyridone-3-carboxylic acid, and its salts (SIMONSEN 
and Nayak), 797. 


C,H,,0,N, 2-Hydroxy-m-methoxybenzaldehydesemicarbazone, and its 
dihydrochloride (HENDERSON and HEILBRON), 1749. 


Vanillinsemicarbazone, hydrochloride of (HENDERSON and HEILBRON), 
1748. 
C,H,,0,N,; 2:3:5-Trinitro-4-trimethylammonium-1-benzoquinoneimide 
(Me.tpota and Houety), 621. 
C,H,,;0Cl 5-Chloro-1-iso pro py1-A*-cyclohexen-3-one (CrossLEy and Pratt), 
173. 


C,H,,ON, cycloHexane-spiro-cyclopent anone (BEESLEY, INGOLD, and THorPe), 
1104. 


C,H,,ON n-Propyldiacetonamine (Evens, Girrorp, and GrirFiTHs), 1674. 
Oxime of 1-isopropylcyclohexan-3-one (CRossLEY and Pratr), 176. 


9 IV 
C,H,,ON.Cl, Propiony]-2:4-dichlorophenylhydrazine (CHatraway a d 
PEARCE), 34. 
C,H,,0,.NCl Acetyl derivative of 3-chloro-p-anisidine (Hurst and THorre), 
939. 


C,, Group. 
C,H,O, 4-Methylcoumarin, and its salts (GuosH), 1600. 
C,H,O, 7-Hydroxy-4-methylcoumarin, and its silts (Guosu), 1603. 


a-H ydroxy-8-phenylcrotonolactone, and its salts (HaLtL, Hynes, ard 
Lapworth), 132. 


CyoH,,0; a-Hydroxy-8-phenylbutyrolactone, and its sodium salt (HALt, 
Hynes, and Lapworrs), 141. 

C,oH,.0. Ethy! o-hydroxyphenoxyacetate (Guosn), 1595. 

C\oH,.0, Anhydride of cis-cyclohexane-spiro-cyclopropane-1:2-dicarboxylic 
acid (BEESLEY, INGoLD, and THORPE), 1097. 

Croll20, Methyl 2:6-dimethoxybenzoate (CLEWER, GREEN, and Tur1nN), 


C,oH,.N Base, and its picrate, from yohimbine (BARGER and FELD), 1029, 
1885 


10 II—10 III FORMULA INDEX. 


CyH,,0 y-Phenylbutyl alcohol, preparation and resolution of (CoHEN, 
MarRsHALL, and WoopMan), 901. 
C,H,,0, Camphoric anhydride, rate of hydration of (Witspox and Srne- 
wick), 679. 
Ci\oH,,0, cis- and trans-cycloHexane-spiro-cyclopropane-1:2-dicarboxylic 
acids (BrEsLEY, INGOLD, and Tuorrpe), 1096. 
Lactone of a-hydroxycyclohexane-l:l-diacetic acid, and its silver salt 
(Bees.tey, INGoLp, and THorpsE), 1095. 
CyoH,,0; cycloHexane-spiro-cyclopropanol-2:3-dicarboxylic acid, and its 
salts (BEESLEY, INGOLD, and Suemeh, 1103. 
Lactoniec acids of aa’-dihydroxycyclohexane-l:l-diacetic acid, and 
their salts (BEESLEY, INGoLD, and THORPE), 1100. 
Lactonic acid of a-hydroxy-a’-cyclohexan-l-olsuccinic acid, and its 
salts (BEESLEY, INGoLD, and THorps), 1105. 
C,.H,,0, Ethyl butane-aadé-tetracarboxylate, sodium derivative, action 
of chloromethyl ether on (SIMONSEN), 783. 
C,.H,,0 Camphor, rotatory power, refractivity and molecular solution volume 
of (Peacock), 1547. 
Bn-Dimethy]l-Ays-octadien-e-one (Evens, GrrrorD, and GrirFiTHs), 1677. 
a-Hydroxycyclohexane-l:l-diacetic acid, salts of (Brestry, INGoLD, and 
THORPE), 1095. 
CyH,,0 Borneols, rotation of (Kenyon and Pickarp), 35. 
Menthones, rotation of (KENYON and PicKaArp), 35. 
C,.H,,0, Tetramethylgluconolactone (Irvinz, Fyre, and Hoce), 539. 
C,oH»O «e-Dimethyloctan-d-one (Parry), 111. 
C,.H»0, Tetramethyl y-glucose (Irvine, Fyre, and Hoes), 537. 
C,.H.0, Tetramethyl sorbitol (Irvine, Fyre, and Hoae), 539. 


10 Ill 


C,H,0,C1 6-Chlorocoumarin-4-carboxylic acid (Dry), 1644. 

C,H,0,Cl 3-Chlorodihydroxy-4-methylcoumarins (Dey), 1648. 

CyH,O,N, Acetylnitropiperonaloxime (Brapy and Dunn), 1862. 

C,,H,0,C1 2-Acetoxy-4-methoxybenzoyl] chloride (CiispENs and NIEREN- 
STEIN), 1494. 

CyoH ON, 3-Cyanohexahydro-2-quinolone (Sen-Gupta), 1356. 

CioH,O.N. a-Ketobutyrolactonephenylhydrazone (Kuirrz and  Lap- 
WORTH), 1262. 

Methyl ether from substance C,H,O,N, (SEN-GuprTA), 1364. 

CyoH,,0,.N. Acetylnitrovanillinoxime (+ H,O) (Brapy and Dunn), 1861. 

C,.H,,0Cl 8-Phenylethyl chloromethyl ketone (CLippens and NIEREN- 
STEIN), 1493. 

C,H,,0,N Hexahydro-2-quinolone-3-carboxylic acid (Sen-Gurra), 1857. 

C,,H,,0,N, 0o-Acetoxybenzaldehydesemicarbazone, and its dihydrochlor- 
ide (HENDERSON and HEILBRON), 1750. 

C,H,,0;N Acetyl derivative of 6-nitro-4-hydroxy-m-tolyl methyl ether 
(CARDWELL and Rosinson), 258. 

C,.H,,0,N 6-Nitro-3:4-dimethoxymandelic acid (G. M. and R. Rostn- 
SON), 1755. 

CyH,.0.N, 3-Cyano-9-hydroxyoctahydro-2-quinol one (Szn-Gupta), 1354. 

C,H,,0,N. 5- and 6-Nitro-3-acetylamino-2-methoxytoluenes (SIMONSEN 
and NAYAK), 833. 

C,oH,,;0N 6-, 7-, and 8-Methylhexahydro-2-quinolones (Sen-Gupra), 1860. 

Substance from substance C,,H,,ON, (Sen-Gupra), 1367. 


1886 
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CioH,0.Ns Ethyl pyruvate 2-pyridylhydrazone (FarcuER and FuRNEss) 


ON, 2:3-Dimethoxybenzaldehydesemicarbazone, and its dihydro- 
oride (HENDERSON and HEILBRON), 1749. 
Veratraldehydesemicarbazone, dihydrochloride of (HENDERSON and HEIL- 

BRON), 1748. 

CyH,,ON, Acetyldimethyl-p-phenylenediamine, preparation of, and its 
salts (MELDOLA and HoLuéty), 617. 

C,.H,,ON, p-Dimethylaminobenzaldehydesemicarbazone, hydrochloride 
of (HENDERSON and HEILBRON), 1751. 

C,.H,;0Cl o’-Chlorocamphor, preparation and properties of (Lowry and 
STEELE), 1382. 

C,.H,,OBr Bromocamphor, rotatory power, refractivity and molecular solu- 
tion volume of (PEAcocK), 1547. 

C,oH,,0.N 2-Aminoresorcino] diethyl ether, and its salts (TURNER), 471. 

CioH,,05N Nitrocamphor, and its ammonium salt (Lowry and Srre1r), 
10 


C80 


CioH,,OBr, Bn-Dimethyl-Ays-octadien-e-one  tetrabromide (EvENs, 
GifFoRD, and GRIFFITHS), 1677. 

CyH,,ON 2-Butyldiacetonamine (Evens, Girrorp, and GrirriTHs), 1674. 

C,H,,ON, Semicarbazone of 1-isopropylcyclohexan-3-one (CrossLEY and 
Pratt), 176. 

10 IV 

C,.H,0O,NBr 5-Bromo-4-acetoxy-3-methoxybenzonitrile (Brapy and 
Dunn), 1860. 

C.oH,,0,NC1 3-Chloroaceto-p-phenetidide (Hurst and Tuorpe), 939. 

C,.H,,0,NBr Ethyl 5-bromo-4:6-dimethyl-2-pyridone-3-carboxylate 
(SIMONSEN and Nayak), 796. 

CyoH,;0,NS di-p-Toluenesulphonylalanine, resolution of (GiBson and 
SIMONSEN), 798. 

C..H,;0,BrS a-Bromo-d-camphor-8-sulphonic acid, ammonium _ salts, 
isomeric, absorption spectra of (PuRVIS), 643. 

CyoH,ON,Cl Semicarbazone of 5-chloro-l-isopropyl-A*cycloh exen-3-one 
(CrossLEy and Pratr), 174. 

C,.H,,0,CISi, Chloropentaethoxysilicoethane, action of alkalis and 
water on (MARTIN), 1043. 

10 V 

C,oH,s0,N,.S.,Co Cobalt ethylenediamine thiodiacetate (+ 2H,O) (Pricr 

and BraziErR), 1372. 


C,, Group. 
C,H,O; 5:7-Dihydroxycoumarin-4-acetic anhydride (Dry), 1642. 
C,,H,O, 1- and 2-Naphthoic acids, rotation of esters of (KENYON and 
PICKARD), 115. 

C,,H,0; 3-Acetylcoumarin, and its salts (GHosH), 1603. 
C,,H,0, 6- and 7-Methylcoumarin-4-carboxylic acids (Dry), 1644. 
C,,H,O, 8-Hydroxycoumarin-4-acetic acid (Dry), 1635. 

5-Methylcoumarone-1:2-dicarboxylic acid, and its silver salt (Dey), 1650. 
CHO. 5:7-, 6:7-, and 7:8-Dihydroxycoumarin-4-acetic acids (Dry), 

40. 


C,,.,N Base, and its picrate from yohimbine (BARGER and Fietp), 1029. 
C,,H,.0, Dimethylcoumarins, and their salts (GHosH), 1600 ; (Dey), 1637. 
7-Hydroxy-2-methyl-4-methylenebenz-y-pyran, and its salts (GHosn), 


1598. 
1887 
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Ci1Hy}0, Methyl derivative of a-hydroxy-8-phenylcrotonolactone (HALL, 
Hynes, and Lapworth), 139. 

Cy,Hy0, 8-2:4-m-Dihydroxyphenylglutaconic acid, and its disilver salt 
(Dey), 1632. 

CyHyN,; Acetaldehyde-2-quinolylhydrazone (FARGHER and Furngss), 
696. 


C,,H,,0O, Benzylideneglycerol methyl ether (Irvine, Macpona.p, and 
SouTar), 345. 

C,,H,,0, Substance, from methyl acetoacetate and methyl methoxy-8-methoxy- 
a-methylerotoiate (LAPwoRTH and MELLOR), 1280. 

C,,H,.0, Ethyl pentane-aaee-tetracarboxylate, sodium derivative, action 
of chloromethyl ether on (SIMONSEN), 783. 

C,,H.»O, Ethyl y-ethoxy-a-n- and -iso-propylacetoacetates (BRADSHAW, 
STEPHEN, and WEIZMANN), 810. 

C,,H,.0, Tetramethyl y-methylglucoside (Irvine, Fyre, and Hoge), 
535. 


11 Ill 
C,,H;0,Cl, 3:6:8-Trichloro-7-hydroxycoumarin-4-acetic acid (Dey), 
1633. 


C,,H,0,Cl 6-Chloro-7-methylcoumarin-4-carboxylic acid (Dey), 1645. 
C,,H,O,N 4-Nitro-l-naphthol-2-carboxylic acid (Dry), 1626. 
C,,H,0O,N, a-Oximino-y-phthaliminoacetone (BrapsHaw, STEPHEN, and 
WEIZMANN), 808. 
C,,H,0,Cl 3-Chloro-4:6- and 4:7-dimethyleoumarinus (Dey), 1646. 
CyHyOS 2-Thio-6:7-dimethy!]-1:2-benzpyran (Guosn), 1601. 
C,,H,ON, Acetyl-2-quinolylhydrazine (FARGHER and FuRNEss), 698. 
C,,H,,0,N Oxime of 6:7-dimethy]coumarin (GuHosa), 1601. 
C,,H,,0,.N Methyleneglycerol o-nitrobenzoate (PEAcock), 816. 
C,,H,,0,N, :3:5-Trinitro-2-hydroxy-a:4:6-trimethylstyrene (JORDAN and 
THorRPE), 406. 
C,,H,,ON, 3-Cyano-6-, -7-, and -8-methylhexahydro-2-quinolones (Sen- 
GupTA), 1361. 
2-Ethoxymethylquinoxaline and its salts (BRADSHAW, STEPHEN, and 


WEIZMANN), 812. 
Substance from acetylcyclohexanone and cyanoacetamide (SeN-Gupra), 1367. 


C,,H,,0.N, Ethyl ether from substance C,H,O,N, (Sen-Gupra), 1364. 
C.,H,,0,N 6-, 7-, and 8-Methylhexahydro-2-quinolone-3-carboxylic 
acids (Srn-Gurta), 1361. 
C,,H,,0,N Phenylurethane of methyleneglycero! (Peacock), 816. 
C,,H,,0,N Nitro-3:4-diethoxybenzoic acid (PERKIN and Watson), 206. 
C,,H,,0,N, 3-Cyano-9-hydroxy-7-methyloctahydro-2-quinolone  (SEN- 
GupTA), 1359. 
3-Cyano-9-methoxyoctahydro-2-quinolone (Sen-Gupra), 1356. 
C,,H,,ON,; Semicarbazone of 3-benzyl-2-methy|l-1:4-a-naphthapyrone 
(Jacopson and Guosn), 432. 
C,,H,,0.N,; Hydrazide of ethyl a-cyano-8-2-keto-4-methylcyclohexyl- 
idenepropionate (Szex-Gupta), 1361. 
C,,H,ON, Acetylmethylethyl-p-phenylenediamine (MeLpoLa and Hot- 
LELY), 613 
C,,H,,0N, «e-Dimethyloctan-3-one semicarbazone (Parry), 111. 


li V 


C,,H,,O,.NCIBr Diacetyl derivative of 3-chloro-5-bromotoluidine (ConEN 
and Murray), 850, 
1888 
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C,, Group. 


C..H,;, Hexamethylbenzene, absorption spectra of (Purvis), 507. 


12 Il 


C,.H,Cl 1-Chloroacenaphthylene (CampBELL), 920. 
C,.H,0O, Anhydride of 8-2:6-dihydroxy-p-tolylglutaconic acid (Dey), 
1638. 


C,,H,Cl, 1:2-Dichloroacenaphthene (CAMPBELL), 919. 
CioH0, 6- and 8-Methylcoumarin-4-acetic acids (Dry), 1636. 
Acetyl derivative of a-hydroxy-8-phenylcrotonolactone (HALL, Hyngs, 
and LApworrH), 133. 
C,.H,,0; 1-Carboxy-4-methylcoumarone-2-acetic acid, an its silver salt 
(Dey), 1636. 
4:5-Dimethylcoumarone-];:2-dicarboxylic acid, and its silver salt (Dey), 
1650. 
5-Hydroxy-7-methylcoumarin-4-acetic acid (Dey), 1637. 
C,.H,,N, Benzaldehyde-2-pyridylhydrazone (FARkGHER and FURNEss), 692. 
Ci2H).0. 7(or 5)-Hydroxy-2:5(or  2:7)-dimethyl-4-methylene-y-benzo- 
pyranols, aud their salts (COLLIE and REYNoLDps), 370. 
4:5:7-Trimethylcoumarin (JorRDAN and THorPE), 402. 
4:6:7-Trimethylcoumarin, aud its salts (GHosH), 1602. 
C,.H,.0, 2:3:5-Trimethyleoumarilic acid, and its silver salt (JorDAN and 
THORPE), 404. 
2:4:5-Trimethyleoumarilic acid, and its silver salt (Dey), 1647. 
C.2H,.0, 8-2:6-Dihydroxy-p-tolylglutaconic acid, silver salt (ey), 1637. 
C,.H,,0. Dihydro-derivatives of hydroxydimethyl-4-methylene-y-benzo- 
pyranols (CoLiig and Wuire), 375. 
C,.H,,0, Cinnamylideneglycerol, structure of (PEacock), 815. 
8:4:6-Trimethylcoumarinic acid (JonDAN and THorPs), 402. 
C,.H,0. y-Methoxymethoxy-8-phenyl-a8-butene (LapworrH and Mk&L- 
LOR), 1279. 
1-Phenylceyclohexane-3:5-diol (CrossLkyY and Renovur), 610. 
Tetrahydro-derivatives of hydroxydimethyl-4-methylene-y-benzo- 
pyranols (CoLuige and Wuite), 375. 
C,.H,,0, Substance, from ethyl acetoacetate and methyl methoxy-8-methoxy-a- 
methylerotonate (LAPWoRTH and MELLOR), 1280. 
C,.H,,0, Acetyl derivative of cis-lactonic acid of aa’-dihydroxycyclo- 
hexane-l:l-diacetic acid (BEESLEY, INGoLD, aud THorpgE), 1103. 
C,oH,,0, Lactone of ethyl a-hydroxycyclohexane-l:l-diacetate (BEEs- 
LEY, INGoLD, and TuHorPE), 1098. 
C,oH,,0, isoButyl diacetyl-d-tartrate, rotation of (PaTrERsoN and McAr- 
THUR), 814. 
C,.H»O, 1-Ethoxy-4-methyl-2-ethoxymethylcyclohexen-6-one (Brap- 
SHAW, STEPHEN, and WEIZMANN), 809. 
C,.H.0, Ethyl y-ethoxy-a-isobutylacetoacetate (BrapsHAW, STEPHEN, 
and WEIZMANN), 811. 
C,.H.0;, Sucrose, inversion of (LAMBLE and Lewis), 233 ; influence of, on the 
solvent power of water (PHILIP and BRAMLEY), 377. 


12 II 
C,.H,O.S Methyl(1)thionaphthacoumarin (Smrves and Guosn), 1380. 
C,.H,0,Cl, 3:6-Dichloro-7-methyleoumarin-4-acetic acid (Dey), 1635. 
C,.H,0,Cl 6-Chloro-7-methylcoumarin-4-acetic acid (Dry), 1642, 
Ethyl 6-chlorocoumarin-4-carboxylate ($H,O) (Dey), 1644, 
1889 
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C,.H,0O;,N; Nitrohydroxybenzeneazoresorcinols (MorGAN and PorTER), 
654. 


C,.H,O.N, 3:6:8-Trinitro-4:5:7-trimethylcoumarin (JorpAN and THORPE), 
405. 

C,,H,,0,N, 6:8-Dinitro-4:5:7-trimethylcoumarin (Jorpan and TuHorpe), 
405. 


C,.H,CIBi Diphenylchlorobismuthine (CHALLENGER and ALLPREss), 19. 
C,oH,,0.N; Pyruvie acid 2-quinolylhydrazone (FARGuER and FuRNEss), 
697. 


C,.H,,0,C1 3-Chloro-4:6:7-trimethylecoumarin (Dey), 1647. 

C,.H,,0.Br 3-Bromo-4:5:7-trimethylcoumarin (JorDAN and THorpe), 402. 
C,.H,,0,N, Semicarbazone of 3-acetylcoumarin (GHosn), 1603. 
C..H,,0,N 6-Nitro-4:5:7-trimethylcoumarin (JorDAN and THorPE), 404. 


C,,H,,0,Cl Dimethyl ether of 3-chloro-5:7-dihydroxy-4-methyleou- 
marin (Dry), 1648. 

C.zH,,OS 2-Thio-4:6:7-trimethy]-1:2-benzpyran (Gnosn), 1602. 

C,,H;,0,N, Diacetylnitrovanillinoxime (Brapy and Dunn), 1861. 

3:5-Dinitro-8:4:6-trimethylcoumarinic acid (JornDAN and THorPE), 405. 

C,,H,,0,N Oxime of 4:6:7-trimeth yleoumarin (Guosn), 1602. 

C,,H,.O.N, Ethyl ae-dicyano-§3-dimethy]-Af-hexadienoate (SIMONSEN 
and Nayak), 797. 


C,,H,,0,Br Lactones of ethyl a-bromo-a’-h ydroxycyclohexane-1:1-di- 
acetate (BrersLEy, INGoLD, and THorpr), 1093. 


C,,H;,,0,Si, Hexaethoxysilicoethane, action of alkalis and water on 
(MarTIN), 1043. 


12 IV 
C,.H,,0O,NBr Diacetylbromovanillinoxime (Brapy and Dunn), 1860. 


C,oH,,0.N.Br Ethyl] a-bromo-ae-dicyano-83-dimethyl-A8-hexadienoate 
(SIMONSEN and NAyYAk), 798. 


12V 

C,.H,O.NCLS p-Chlorobenzenesulphon-2:4-dichlorophenylchloroamide 
(BaAxTER and CHATTAWAY), 1819. 

C,.H,O.NCI,S p-Chlorobenzenesulphon-m-chlorophenylchloroamide 
(BAxTER and CHATTAWAY), 1819. 

p-Chlorobenzenesulphon-2:4-dichloroanilide (BAXTER and CHATTAWAY), 

1819. 

C,.H,O.NBr,S p-Bromobenzenesulphon-2:4-dibromoanilide (BAXTER and 
CHATTAWAY), 1820. 

C,.H,O,N,C1,S p-Chlorobenzenesulphon-o-, m-, and -p-nitropheny}- 
chloroamides (BAXTER and CHATTAWAY), 1821. 

C,.H,O.NCLS p-Chlorobenzenesulphon-m-chloroanilide (BAXTER and 
CHATTAWAY), 1819. 

p-Chlorobenzenesulphonphenylchloroamide (BAxTER and CHATTAWAY), 

1819. 

C,.H,O.NBr.S p-Bromobenzenesulphon-p-bromoanilide (BAxTER and 
CHATTAWAY), 1820. 

C,.H,O.NI.S p-lodobenzenesulphon-p-iodoanilide (BAxTER and CHAaTTa- 
way), 1821. 

C,.H,O,N.CIS p-Chlorobenzenesulphon-o-, m-, and -p-nitroanilides 
(BAXTER and CHATTAWAY), 1821. 

C,.H,O.N.BrS p-Bromobenzenesu]phon-nitroanilides(BAXxTER and Cuat- 
TAWAY), 1822. 
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C\oH,O,N.IS p-lodobenzenesulphon-nitroanilides (Baxrer and CHaTra- 
way), 1822. 


12 VI 
C,.H,O.NCIBr,S p-Bromobenzenesulphon-2:4-dibromophenylchloro- 
amide (BAXTER and CHAtraway), 1820. 
C,.H,O,NCLBr,S p-Chlorobenzenesulphon-2:4-dibromophenylchloro- 
amide (BAXTER and Cu#aTraway), 1820. 
C,.H,O.NCI1,BrS p-Bromobenzenesulphon-2:4-dichlorophenylchloro- 
amide (Baxter and CHatraway), 1820. 


C,.H,O.NCIBr.S p-Bromobenzenesulphon-p-bromophenylchloroamide 
(BAXTER and CHATTAWAY), 1820. 


p-Chlorobenzenesulphon-2:4-dibromoanilide (BAxTeR and CHATTAWAY), 
1820. 
C,.H,O.NCIILS p-Iodobenzenesulphon-p-iodophenylchloroamide 
(BAXTER and CuatTraway), 1821. 
C,.H,O.NCLBrS p-Bromobenzenesul phon-p-chlorophenylchloroamide 
(BaxrerR and CHaTTAway), 1820. 


p-Bromobenzenesu!phon-2:4-dichloroanilide (BAxTER and CHATTAWAY), 
1820. 
p-Chlorobenzenesulphon-p-bromophenylchloroamide (BAxTER and 
CHATTAWAY), 1820. 
C,.H,O,.NCLIS p-Chlorobenzenesulphon-p-iodophenylchloroamide 
(BAXTER and CHATTAWAY), 1820. 
C,.H,0,N.CIBrS p-Bromobenzenesulphonnitrophenylchloroamides 
(BAXTER and CHATTAWAY), 1822. 
C,.H,O,N.CUS p-lodobenzenesulphonnitrophenylchloroamides 
(BaxTER and CHATTAWAY), 1822. 


C,,H,O,.NCIBrS p-Bromobenzenesulphon-p-chloroanilide (BaxTeR and 
CHATTAWAY), 1820. 


p-Bromobenzenesulphonphenylchloroamide (Baxter and CHATTA- 
way), 1819. 


p-Chlorobenzenesulphon-p-bromoanilide (BaxTeR and CHATTAwAyY), 
1820. 


C,,H,O.NCIIS p-Chlorobenzenesulphon-p-iodoanilide (Baxter and CHAtT- 
TAWAY), 1820. 


p-lodobenzenesulphonphenylchloroamide (Baxter and CHATTAWAY), 
1819. 


C,,H,O.NBrIS p-Bromobenzenesulphon-p-iodoanilide (BaxreR and 
CHATTAWAY), 1821. 


C,,H,O.NBrIS p-lodobenzenesulphon-p-bromoanilide (BaxTER and 
CHATTAWAY), 1821. 


12 VII 
C,,H,O.NCIBrIS p-Bromobenzenesulphon-p-iodophenylchloroamide 
(BaxTerR and CuaTraway), 1821. 


p-lodobenzenesulphon-p-bromophenylchloroamide (BaxTErR and 
CHATTAWAY), 1821. 


C,; Group. 

C,sH,,0, 6:7-Dimethylcoumarin-4-acetic acid (Dry), 1639, 
Ethyl 7-methylcoumarin-4-carboxylate (Dry), 1645. 
C,;H,.0; Ethyl 6-hydroxycoumarin-4-acetate (Dry), 1634. 
5-Methoxy-7-methylcoumarin-4-acetic acid (Dry), 638. 

Methyl 7-methoxycoumarin-4-acetate (DEY), 1633. 
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13 II—13 VI 


C,;H,.0, 7:8-Dimethoxycoumarin-4-acetic acid (Dey), 1641. 
Ethyl 6:7- and 7:8-dihydroxycoumarin-4-acetates (Dey), 1640. 
C,;H,;,N,; Acetophenone-2-pyridylhydrazone (FARGHER and FurNEss), 692. 
C,,H,,0; 3-Carboxy-8:4:¢-trimethylcoumarinic acid (JorDAN and TuorPe), 
401. 

C,;H,.0, Methoxy-8-methoxy-a-benzylcrotonic acid (LAapwortH and 
MELLOR), 1278. 

C,,H,.0, Ethyl] y-methoxypropane-aSf-tricarboxylate (SIMONSEN), 786. 

C,;H,,0, Trimethyl oxy-y-methylglucosideacetone (Irvine, Fyre, and 
Hoge), 540. 


13 III 
C,;H,O.N,; Phthalyl-2-pyridylhydrazide (FarcHeEr and Furngss), 694. 
C,;H,NBi Diphenylcyanobismuthine (CHALLENGER and ALLPREss), 20. 
C.;H,.N.Cl, Benzaldehyde-2:4-dichlorophenylhydrazone (CHATTAWAY 
and PEarcr), 34. 
CisH,ON, 1(2’-Quinolyl)-3-meth yl-5 pyrazolone (FAr@nER and Furness), 


C,;H,,0.N, Succinyl-2-quinolylhydrazide (FARGHER and Furness), 698. 
C,;H,,0,Cl 3-Chloro-6:7-dimethylcoumarin-4-acetic acid (Dgy), 1639. 
Ethyl 6-chlorocoumarin-4-acetate (Dry), 1642. 
Ethyl! 3- and 6-chloro-7-methylcoumarin-4-carboxylates (Dey), 1645, 
1649. 
C,;H,,0,N 8-Nitro-6:7-dimethylcoumarin-4-acetic acid (Dey), 1639. 
C,;H,,0,N 7-Dimethylaminocoumarin-4-acetic acid (Dry), 1644. 
C,;H,,N,S Diphenylthiosemicarbazides, preparation of acetyl derivatives of 
(McKee), 1133. 
C,;H,,0.N, Substance, from styryl methyl ketone and cyanoacetamide (Sen- 
Gupta), 1365. 
C,;H,,0,N Ethyl a-cyano-8-2-keto-4-methylcyclohexylidenepropionate 
(SEN-Gupra), 1360. 
C,;H.,0,N, Semicarbazone of 1-ethoxy-4-methyl-2-ethoxymethylecyelo- 
hexen-6-one (BRADSHAW, STEPHEN, and WEIZMANN), 809. 


13 IV 


C,3H,,0;N,Cl, s-Di-2-chloro-4-hydroxyphenylcarbamide (Hursr- and 
THORPE), 940. 


13 V 
C,,H,,0,NC1,S p-Chlorobenzenesulphonbenzylchloroamide (BAXxTer and 
CHATTAWAY), 1818. 
PE nO mg Renter yin ecemnaee (BAxTeR and CHATTAWAY), 
C,;H,.0,NCIS p-Chlorobenzenesulphonbenzylamide(Baxren and Cuarta- 
wAyY), 1818. 
p-Chlorobenzenesulphontoluidides (Baxter and Cuarraway), 1822. 
C,,H,,0,.NBrS p-Bromobenzenesulphontoluidides (Baxter and Cuarra- 
way), 1823. 
CiaH,,0,NIS p-lodobenzenesulphontoluidides (Baxrer and CHATTAWAY), 
23. 


13 VI 


C,sH,,0,NCIBrS p-Bromobenzenesulphontolylchloroamides (BAXTER 
and CHATTAWAY), 1823. 
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C,;H,,O0.NCIBrS p-Chlorobenzenesulphonbenzylbromoamide (BAXTER 
and CHATTAWAY), 1818. 


9 p-Chlorobenzenesulphon-p-tolylbromoamide (BAXTER and CHATTAWAY), 
™ 1823. 
)s C,;H,,0,NCIIS p-Iodobenzenesulphontolylchloroamides (BAxTER and 


CHATTAWAY), 1823. 


C,, Group. 


d C.,.H,O, 4:3-8-Naphthapyrone-4-carboxylic acid, and its silver salt (Dry), 
1645. 


C,,H,,0, 4-Methyl-1:2-a-naphthapyrone, and its salts (GHosH), 1604. 
C,,sH,)pS 3-Thiolphenanthrene (Fie.p), 1214. 
C,,H,,0, 8-2-Hydroxy-l-naphthylerotonic acid ($H,0) (Dey), 1630. 
CyuHy»N, s-2-Pyridyl-2-quinolylhydrazine (FarcuEr and Furngss), 696. 
: C,,H,,0O /-Phenyl-p-tolylcarbinol, preparation of, and its hydrochloride 
| (CoHEN, MARSHALL, and WoopMAN), 894. 
C,,H,,0, Ethyl 8-methylcoumarin-4-acetate (Dry), 1637. 
C,,H,,0, Ethyl 6-2:6-dihydroxy-p-tolylglutaconate (Dry), 1638. 
Ethyl 7-ethoxy-y-benzopyrone-2-carboxylate (SIRKER), 1246. 
Methyl 5-met hoxy-7-methylcoumarin-4-acetate (Dey), 1638. 
C,,H,,0, Methyl 7:8-dimethoxycoumarin-4-acetate (Dry), 1641. 


C,,H,;N di-Tetrahydro-8-naphthaquinaldine, resolution of, and its salts 
(GrBson and SIMONSEN), 1148. 

C,,H,,0, a-p-Methoxyphenyl-e-methyl-A’-hexadien-y-one (Evens, GiF- 
FORD, and GriFFITHs), 1676. 

Crea Benzylmethy!l-p-phenylenediamine (MELDoLA and HOo.tety), 


ome, ek aks en eres methyl ether (IRVINE, MACDONALD, 
and SouTar), 347. 


CisH,,.0 A(i-Tetramethyldecan-e-one (Parry), 114. 
C.,H,0. A¢-Dimethyl-y-isoamylheptane-By-diol (Parry), 113. 


14 III 
C,,H,O,N, 2:2’-Dinitro-4:5:4':5’-dimethylenetetraoxyazobenzene (G,. M. 
and R, Roprnson), 1761. 
C,,H,0,.C1 Chloromethylnaphthapyrones (Dry), 1629, 1649. 
C,,H,O,N 6-Nitro-4-methy]-1:2-a-naphthapyrone (Dry), 1625. 
CH ON 2-p-Nitrobenzoyloxybenzaldehyde (HENDERSON and HEILBRON), 


©,,H,,0S 2-Thiomethylnaphthapyrones (GHosn), 1605; (Dry), 1626. 
C,,H,,0.N 6-Amino-4-methy]-1:2-a-naphthapyrone (Dey), 1626. 

4-Meth yl-1:2-a-naphthapyrone (Dery), 1627. 

Oxime of 2-thio-l-methy]-4:3-8-naphthapyrone (Dry), 1629. 
C,,H,,0,Cl a-Chloro-8-2-hydroxy-l-naphthylcrotonic acid (DE\), 1630. 


4 C,,H,,0,N 8-4-Nitro-l-hydroxy-2-naphthylcrotonic acid (Dry), 1625. 
C,,H,,0,Cl1 Diacetyl derivatives of chlorodihydroxymethylcoumarins 
(Dey), 1648. 


C,,H,,ON, Methyl ether from substance C,,H,,0,.N, (SeN-Gupra), 1366. 


C,,H,,0.N Phenylanilinoacetic acid, resolution of (McKenzie and Bats), 
1682. 


C,,H,,0;N Vanillylidene-p-aminophenol (Senter and Forster), 456. 
C.H,0,C1 Ethyl 3-chloro-6:7-dimethylcoumarin-4-carboxylate (Dey), 
0. 


Ethyl] 6-chloro-7-methyleoumarin-4-acetate (Dry), 1643. 
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C,,H,,0.N. Benzylmethyl-p-nitroaniline (MELDOLA and HoLLELy), 620. 

C,,H,,0,N, p-Azoxyanisole, absorption spectrum of (Purvis), 664. 

C,,H,,0.N, Laevulic acid 2-quinolylhydrazone (FARGHER and FuRNEss), 
698. 


C,,H,,0,N o-Nitrobenzoy] derivative of 1-methyleyclohexan-3-o0l (CRrossLEY 
and RENOUF), 605. 

C,,H,,ON, 3-Cyano-5-methy|-8-isopropylhexahydro-2-quinolone (SEN- 
GupTA), 1362. 

C,,H,,ON p-Tolyldiacetonamine (Evens, GirrorD, and Grirrirns), 1674. 

C,,H,,0,N 5-Methyl-8-isopropylhexah ydro-2-quinolone-3-carboxylic 
acid (Szn-Gupra), 1362. 

Cull Bre Ethyl aa’-dibromocyclohexane-1:l-diacetate, preparation of 

BEESLEY, INGOLD, and THorRPE), 1093. 


14 IV 

C,,H,0,N.Cl, Phthalyl-2:4:6-trichlorophenylhydrazide (Cuatraway and 
VoONDERWABL), 1508. 

C,,H,0,N.Br, Phthalyl-2:4:6-tribromophenylhydrazide (CHarraway and 
VONDERWARL), 1508. 

C,,H,0,N,Cl, Phthalyl-2:4-dichlorophenylhydrazide (Cuarraway and 
VoNDERWABL), 1506. 

C,,H,0,N.Br, Phthalyldibromophenylhydrazides (CHatrraway and Von- 
DERWAHL), 1505. 

C,,H,O,N,Cl Phthalylchlorophenylhydrazides (Cuarraway and VonprEr- 
WAHL), 1504. 

C,,H,O.N.Be Phthalylbromophenylhydrazides (CHarraway and VonpEr- 
WAHL), 1504. 

C,,H,O,N,I Phthalyliodophenylhydrazides (Cuatrraway and VonpeEr- 
WAHL), 1505. 

as | a Anisylidenechloroanilines, polymorphic (SENIER and ForsTER), 
1170. 


C..H,,ONBr Anisylidenebromoanilines (Senter and Forster), 1171. 
C,,H,,0,NC1 Vanillylidene-p-chloroanilines, polymorphic (SENrER and 
ForstEr), 455. 
C,.H,,0,NBr Vanillylidenebromoanilines, polymorphic (SENIER and 
Forster), 456. 
14 V 


CulH,0 N,CIBr, Phthalylchlorodibromophenylhydrazides (CHATTAWAY 
VoxpERWABL), 1508. 
C,,H 0,N,CLBr Phthalyldichlorobromohydrazides (CuHatraway and 
VoNDERWAHL), 1508. 
C,,H,0.N,CIBr Phthalylchlorobromophenylhydrazides (CHATTAWAY 
and VONDERWAUBL), 1506. 


C,; Group. 
C,,H,0, 5- Hydrexy- -2-ketoperi-perinaphthindenofuran, and its sodium salt 
(Dry), 1631. 
C,;H,0, isoQuercetone, preparation and structure of (N1ERENSTEIN), 869. 
C,,H,.0, Flavone, occurrence of, as the farina of Primula (MULLER), 872. 
7-Hydroxy-3-phenyl-y-benzopyrone (+ H,O) (Jacosson and Guosn), 1057. 
C,;H,,0, Naphthapyroneacetic acids (Dry), 1623. 
C,;H,.0 2-Methyl-4-methylene-1:4-a-naphthapyranol, (+ }H,O) and its 
salts (GHos#), 741. 
CisH,,0, o-Hydroxydibenzoylmethane (MULLER), 876. 
C,,H,,0, 8-2-Hydroxy-l-naphthylglutaconic acid (Dry), 1628. 
1894 


FORMULA INDEX. 15 II—15 Ill 


C,,H,.S 3-Methylthiolphenanthrene (Fieup), 1215. 

C,;H,,0 p-Tolyl benzyl ketone (Turner), 1462. 

C,;H,,0, Phenyl-p-tolylacetic acid, racemisation of (McKEeNziz and Wip- 
pows), 702. 

C,;H,,0, Ethyl 7-acetoxycoumarin-4-acetate (Dey), 1633. 

C,,H,.O a-Phenyl-y-methyl-Aeys-octatrien-e-one (Evens, GirrorD, and 
GRIFFITHS), 1676. 


Phenyl-p-tolylmethylearbinol, preparation of (Couzn, MARSHALL, and 
Woopmay), 894. 


C,;sH,.0, 6-Carbethoxy-4:5:7-trimethylcoumarin (JorpAN and Tuorpe), 
400. 


Ethyl 3-carboxy-8:4:6-trimethylcoumarinate (JorpAN and Price), 401. 
Ethyl 6:7-dimethylcoumarin-4-acetate (Dry), 1639. 


C,sH»O, Ethyl methoxy-S-methoxy-a-benzylcrotonate (LaApworTH and 
MELLOR), 1278. 


C,;H,.0, Dimethyl salicin (Hawortn), 14. 


15 III 


C,;H,O,N 6-Nitro-1:2-a-naphthapyrone-4-acetic acid (Dry), 1624. 

C,;H,,0.S 2-Benzoyl-3-oxy(l)thionaphthen (Smites and Guosg), 1381. 

C,;H,,0,S 3-Phenanthraquinonyl methyl sulphone (Fretp), 1215. 

C,;H,,0,N 1:2-a-Naphthapyrone-4-acetamide (Dry), 1624. 

C,;H,,0,N Aminomorin, and its hydriodide (Perkin and Watson), 209. 

C,;H,,.0;N, 2-p-Nitrobenzoyloxybenzaldehydesemicarbazone, and _ its 
hydrochloride (HENDERSON and HEILBRON), 1751. 

C,;H,.N.Cl, Cinnamaldehyde-2:4-dichlorophenylhydrazone (CHatraway 
and PEARCE), 34. 

C,;H,,0,N Anisylideneaminobenzoic acids, polymorphic (SENrER and 

ORSTER), 1172. 

C,;H,,0,N, o-Benzoyloxybenzaldehydesemicarbazone, and its dihydro- 
chloride (HENDERSON and HEILBron), 1751. 

C,;H,,0,N Vanillylideneaminobenzoic acids, polymorphic (SzNIER and 
ForsTER), 457. 

C,;H,,N,S Anhydride of acetyl derivative of diphenylthiosemicarbazide 
(McKeEg), 1137. 

C,;H,,0.N Vanillylidenetoluidines, polymorphic (S—NIER and Forster), 
452. 


C,;H,;0;,N Vanillylideneanisidines, polymorphic (SznrzeR and Forster), 
456. 


C,;H,,0,N Ethyl 6-nitro-4:5:7-trimethyleoumarin-8-carboxylate (JoRDAN 
and THORPE), 406. 

C,,H,,ON, Benzo-p-amino-§-phenylethylamide, preparation of, and its 
derivatives (KING), 225. 


C,,H,,OBr, a-Phenyl-y-methy]-Asys-octatrien-e-one hexabromide (EvEns, 
GIFFORD, and GRIFFITHS), 1676. 


C,;H,.0,8S Ethyl 2-thio-2:7-dimethylcoumarin-4-acetate (Dry), 1639. 

C,;H,,O.N,; Ethyl acetoacetate 2-quinolylhydrazone (FarcHER and 
FuURNEss), 699. 

C,;H,,0,N Ethyl 7-dimethylaminocoumarin-4-acetate (DEy), 1643. 

C,,H,,ON Anilide of isopropyldihydroresorcin (CrossLey and Pratt), 173. 

C,;H,,0,N 0o-Nitrobenzoy] derivative of 1:1-dimethylcyclohexanol (Crosstey 
and RENovF), 694. 


C,;H.,0,N Methyl a-bornyl succinamate (ConEN, MARSHALL, and Woop. 
MAN), 890. 
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15 IV 


C,;H,,.0.N.Br, Phthalyl-3:5-dibromotolylhydrazides (OCHarraway and 

VonDER\- AHL), 1509. 

C,;H,,ONS Lenzo-p-thiol-8-phenylethylamide (Kine), 227. 

CisH,,0N,S Acetyl derivatives of diphenylthiosemicarbazide (McKEE), 
1136. 


15 V 


C,;H,,ON,CIS Substance, and its salts, from diphenylthiosemicarbazide and 
acetyl chloride (McKee), 1135. 


C,, Group. 
C,.H,O, 4-Hydrox -6:11-diketo-68-benznaphthadioxin, and its salts 
(GuosH), 1595. 
C.eH,,0, 4’-Keto-2:3-\ ndeno-1:4-benzopyranol (+ $H,O) (Sasrryand GHosn), 
1445. 


— ether of S-hydroxy-2-ketoperi-perinaphthindenofuran (Dey), 
CigH,,O, 2’:4’-Dihydroxy-1:3-diketo-2-benzylidenehydrindene (+H,0) 
(Sastry and GuHosn), .446. 
7-Hydroxy-4’-k eto-2:3-indeno-1:4-benzopyranol (+ 4H,O) (Sastry and 
GuosH), 1447. 
C,.H,.0, Diphenylsu:cinic anhydride (Wren and SriLt), 1457. 
a ne ae ene ene Seen Toe (JacuBson and GuHoss), 


CisH,.0, 5:7- and 7:8-Dihydroxy-3-phenyl-2-methy|l-y-benzopyrones 
(J acoBson and Guosn), 1055. 
Ethyl 4:3-8-naphthapyrone-4-carboxylate (Dey), 1645. 
Croll, .04 Diphenylsuccinic acids, stereoisomeric (WREN and Stitt), 444, 
1449, 


d-Diphenylsuccinic acid, preparation of, from -phenylchloroacetic acid 
(McKenziz, Drew, and Martin), 26. 
1:2:10-Trihydroxy-5-keto-10-ethyldihydroanthracene (SrrKEr), 1243. 
C,.H,,0, 6-Carboxy-4-carbethoxy-2:3:5-trimethylcoumarilic acid, and 
its silver salt (JoRDAN and THorRPE), 403. 
C,.H,,0, 3-Carboxy-5-carbethox y-8:4:6-trimethylcoumarinie acid (Jor- 
DAN and THORPE), 400. 
C,sH»0, Benzoyl derivative of 1-isopropylcyclohexan-3-0l (Crosstey and 
Pratt), 174. 
16 III 
C,,H,O,Cl 4’-Keto-2:3-indeno-1:4-benzopyranol anhydrohydrochloride 
(+ H,O) (Sastry and GHoss), 1445. 
C,.H,O,Cl 7-Hydroxy-4’-keto-2:3-indeno-1:4-benzopyranol anhydro- 
hydrochloride (+ 3$H,O) (Sastry and Guosn), 1447. 
C,.H,.O,N, 2:4-Dinitro-5-hydroxybenzeneazo-8-naphthol (MorGAN and 
PoRTER), 659. 
CigHypO,N. 4:5:4’:5’-Dimethylenetetraoxyazobenzene-2:2’-dicarboxylic 
acid (G. M. and R. Roprnson), 1759. 
2:2’-Dinitro-4:5:4’:5’-dimethylenetetraoxystilbene (G. M. and R. 
Rosrnson), 1759. 
C,.H,,0,N, Nitrohydroxybenzeneazo-8-naphthols, and their salts (Mor- 
GAN and PorTER), 652. 
C,.H,,0S 3-Acetylthiolphenanthrene (FiELp), 1216. 
CisH,,0N 3:5-Diphenyl-4-methylisooxazole (MARSHALL), 519. 
C,.H,,0N, Benzoyl-2-quinolylhydrazine (FarGuER and FuRNEss), 698. 
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C,,H;:0.Br Bromodibenzoylethane (MarsHALt), 519. 
C,.H,;0,N Acetyl derivative of 6-amino-4-methy]-1:2-a-naphthapyrone 
(Dey), 1626. 
C,,-H;:0;N; Phthaliminoacetyl phenylhydrazide (BrapsHAw, STEPHEN, 
and WEIZMANN), 808. 
C,<H,,0,N p-Nitrobenzoate of 8-phenylpropyl alcohol (ConEN, MAr- 
SHALL, and WoopMAN), 899. 
C,-H,,O,N, 2:2’-Dinitro-4:5:4’:5’-tetramethoxyazobenzene (G. M. and R. 
Rosprinson), 1756. 
C,.H),ON Anisylidenexylidines, polymorphic (SENIER and Forster), 1169. 
C,«H:,0N, Semicarbazone of benzylacetophenone (Jacospson and Guoss), 
962. 
C,.H,,0O.N Vanillylidenexylidenes, polymorphic (S—NIER and ForsTERr), 454. 
Anil of cis-cyclohex ane-spiro-cyclo pro pane-1:2-dicarboxylic acid (BEESLEY, 
INGOLD, and THorre), 1098. 
C,oH,,0,.N; N-2:2’-Trinitro-4:5:4’:5’-tetramethoxyhydrazobenzene (G. M. 
and R. Ropinson), 1758. 
CicH,,ON, Acetyl derivative of benzylmethyl-p-phenylenediamine 
(MeLpoLA and Ho.uety), 620. 
C,,H;,0,N, p-Azoxyphenetole, absorption spectrum of (Purvis), 664. 
C,,H,;,0,N, Azoveratrole (G. M. and R. Rosrnson), 1756. 
C.icH,,0,N Anilic acid from cis-cyclohexane-spiro-cyclopropane-1:2-dicarb- 
oxylic acid (Brgs.ey, INco.D, aud THorPe), 1098. 
CicHaN.S, Di-8-phenylethylamine p-disulphide, and its salts (Krne), 
229. 
C,,H:,O.N Benzoyl derivative of oxime of 1-isopropylcyclohexan-3-one 
(CrossLEY and Pratt), 176. 
C,,H.,0,N o-Nitrobenzoyl] derivative of 1-isopropyleyclohexan-3-0l (Cross- 
LEY and Pratt), 174. 
Aniline salt of lactone C,)H,,0O, (BezsLey, INGoLD, and Tuorpe), 1096. 
C,.H..NBr y-Phenylbutyltriethylammonium bromide (CoHEN, Mar- 
SHALL, and WoopMAN), 901. 
CisH,,NI J-y-Phenylbutyltriethylammonium iodide (ConzEN, MARSHALL, 
and WoopMAN), 902. 
C,, Group. 
C,,H,O, Dihydroxy-3-benzyl-2-methyl-y-benzopyrones (JAcoBSON and 
GuosH), 432. 
C,,H,0, Acetyl derivative of 5-hydroxy-2-ketoperi-perinaphthindeno- 
furan (Dey), 1631. 
C,;H,,0, Benzoy] derivative of a-hydroxy-8-phenylcrotonolactone (HALL, 
Hynes, and Lapworru), 138. 
C,,H,,0,; 7-Hydroxy-3-benzyl-2-methyl-y-benzopyrone(+4H,0) (JAcoBson 
and GuHosH), 428. 
Benzyl derivative of a-hydroxy-6-phenylcrotonolactone (HALL, Hyngs, 
and Lapworts), 139. 
C,;H,,0, Ethyl naphthapyroneacetates (Dry), 1624. 
CHiN, Acetophenone-2-quinolylhydrazone (FArGHER and FvRNEss), 


C,,H,,0, Ethyl d-phenyl-p-tolylacetate (McKEnziz and Wippows), 714. 
C,H 0, 3:4:3’:4’-Tetramethoxydiphenylmethane (Rosinson), 273. 
17 Ill 
C,,H,,0,N,; Phthalyl-2-quinolylhydrazide (FARGHER and FurnEss), 699. 
C,,H,;0;,N Anilide of 7:8-dihydroxycoumarin-4-acetic acid (Dry), 1640. 
1897 


17 ITI—18 II FORMULA INDEX. 


C,,H,OS, Thio-derivative from 7-hydroxy-3-benzy1-2-methyl-y-benzo- 
pyrone (Jacospson and GuHosn), 430. 

C,,H,,0,S Ethyl 2-thio-1:2-a-naphthapyrone-4-acetate (Dey), 1627. 

C,,H,,0.Br Bromodibenzoylpropane (MARSHALL), 519. 

C,,H,,0,I 5:7-Dihydroxy-2-p-hydroxypheny]-4-ethyl]-1:4-benzopyranol 
anhydroiodide (+ H,O) (Watson, Sen, and Mepur), 1487. 

C,,H,,0,I 5:7-Dihydroxy-2-mp-dihydroxypheny]-4-ethy]-1:4-benzopyr- 
anol anhydrohydriodide (Watson, Sen, and Menu), 1485. 

C,,H,ON, Phenylhydrazone of 6:7-dimethylcoumarin (GHosn), 1601. 

C,,H,,0,;N, 2:6:2’:6’-Tetranitro-3:4:3':4’-tetramethoxydiphenylmethane 
(Rosinson), 275. 

C,,H,,ON, Acetylisopropylidenebenzidine, and its salts (TURNER), 1499. 

C,,H,;,0,N, Acetyl derivative of benzo-p-amino-8-phenylethylamide 
(Kine), 226. 

C,,H,,0,N, 6:6’-Dinitro-3:4:3’:4’-tetramethoxydipheny]l methane 
(Rosrnson), 274. 

C,,H,,ON Anisylidene-y-cumidine (SeNieR and Forster), 1170. 

C,,H,,0.N Vanillylidene-y-cumidines, polymorphic (Senter and For- 
STEER), 455. 


17 1V 
C,,H,,0;N,Cl, Diacety] derivative of s-di-2-chloro-4-hydroxyphenylearb- 
amide (Hurst and Tuorpsr), 941. 
C,,H,,0,N,Cl, s-Di-2- aud -3-chloro-4-ethoxyphenylcarbamides (Huxsr 
and THORPE), 940. 


Ci; Group. 
C,,H,».0, Acetyl derivative of 4-hydroxy-6:1l-diketo.68-benznaphthdi- 
oxin (GHosH), 1595. 
C,sH,.0, 2:3:2':3’:2”:3”-Hexahydroxytriphenoquinone (NIERENSTEIN), 
1218. 
C,sH,,0, Acetyl derivative of 7-hydroxy-3-pheny]-2-methyl-y-benzo- 
pyrone (JAcopson and GuosuH), 1053. 
CisH,,O, 2:3:2':3':4:2”:3":4”-Octahydroxy-1:4-diphenylbenzene (+ H,0) 
(NIERENSTEIN), 1219. 
C,sH,.0, 7-Hydroxy-3-benzy1-2:5-dimethyl-y-benzopyrone (JACOBSON 
and GuHosH), 433. 
Ethyl ether (+43H,0) of 7-hydroxy-3-pheny]-2-methyl-y-benzopyrone 
(JACOBSON and GHosH), 1053. 
Methyl ether of 7-hydroxy-3-benzyl-2-methyl-y-benzopyrone (JAcoB- 
son and GuHosH), 429. 
C,,H,,0, 10-Hydroxy-5-keto-1:2-dimethoxy-10-ethyldihydroanthrac- 
ene (SIRKEk), 1213. 
Methy! diphenylsuccinates (WREN and STILL), 1453. 
2:3:6:7-Tetramethoxyanthracene (RoBinson), 272. 
C,,.H,.0, 6-Ethyl 8-hydrogen  3-acety]-4:5:7-trimethylcoumarin-6:8- 
dicarboxylate (JonpDAN and TuHorpe), 399. 
C,,H,,N Di-8-phenylethylacetonitrile (Comen, MARSHALL, and Woop- 
MAN), 896. 
C,,H»O, 1:2:5:10-Tetrahydroxy-5:10-diethyldihydroanthracene (Srr- 
KER), 1245. 
2:3:6:7-Tetramethoxy-9:10-dihydroanthracene (Rosinson), 270. 
C,,H»0, Ethyl 4 4:5:7-trimethylecoumarin-6:8-dicarboxylate (JoRDAN 
and THoRPE),. 398. 
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FORMULA INDEX. 18 II—20 II 


C,sHnO, a-Acetyl-3-carboxy-5-carbethoxy-f-4:6-trimethylcoumarinic 
acid (JORDAN and THORPE), 399. 

C,,H»0, 3:5-Dicarbethoxy-8-4:6-trimethylcoumarinic acid (JORDAN 
and THORPE), 399. 


C,sHyO, Ethyl ethylidenebis-y-ethoxyacetoacetate (BRADSHAW 
STEPHEN, and WEIZMANN), 809. 


18 III 
C,sH,;0,N,; 1-Pheny]-3-phthaliminomethy]-5-pyrazolone (BRADSHAW, 
STEPHEN, and WEIZMANN), 807. 


C,,H,,0.N Vanillylidenenaphthylamines, polymorphic (SeniER and 
ForsTER), 459. 


C,,H,,0;N Anilide of 7-methylcoumarin-4-acetic acid (Dey), 1635. 


C,.H,,0,N, 1-Phenyl-3-phthalaminomethyl-5-pyrazolone (BrapsHaw, 
STEPHEN, and WEIZMANN), 807. 


C,,H,,ON, Phenylhydrazone of 4:6:7-trimethyleoumarin (Guosn), 
1602. 


C,,H,,0,N. 4:5:4’:5’-Tetramethoxyazobenzene-2:2’-licarboxylic acid 
(G. M. and R. Roprnson), 1755. 

C,,H,,.0,Br Ethy! 3-bromo-4:5:7-trimethylcoumarin-6:8-dicarboxylate 
(JORDAN and THORPE), 403. 

18 IV 

C,sH,,0.N,Cl 2-Chloro-4-ethoxybenzeneazo-8-naphthol (Hurst and 
THoRPE), 940. 

C,,H,,0.NS, Benzo-p-xanthyl-8-phenylethylamide, preparation of 
(Kine), 226. 


Cis Group. 

C,,H,,0. 3-Benzv1-2:7-dimethyl-y-benzopyrone, preparation of (JACOBSON 
and GHosH), 431. 

C,.H,0, Acetyl derivative of 7-hydroxy-3-benzy]-2-methyl-y-benzo- 
pyrone (+ 4H,U) (Jacosson and GHosH), 429. 

CioH,0, isoQuercetone tetramethyl ether (NIERENSTEIN), 870. 

C,,.H,,0, Ethyl ether of 7-hydroxy-3-benzyl-2-methyl-y-benzopyrone 
(JACOBSON and GuHosH), 429. 

C,,H,,0,;, Heptamethyl sucrose (Haworts), 12. 


19 III 
C,sH,,0,N Phenylurethanes, isomeric, of cinnamylideneglycerol (Pra. 
cock), 817. 
C.. Group. 


CH,,0, Di-a8-naphthdioxin, and its salts (GHosH), 1592. 

C.oH;,0, 2’-Hydroxy-1:3-diketo-2-naphthylidenehydrindene (Sasrry 
and GHosH), 1448. 

4’-Keto-2:3-indeno-1:4-naphthapyranol (+ H,0), (Sastry and Guosn), 

1449, 

C..H,,0 2-Phenyl-4-methylene-1:4-a-naphthapyranol, and _ its salts 
(Guosn), 748. 

Calls .0, 3-Pheny]-2-methyl-1:4-a-naphthapyrone (JAcospson and Guosn), 


CyoH,,0, Acetyl derivative of 2’:4’-dihydroxy-1:3-diketo-2-benzylidene- 
hydrindene (+ 4$H,O) (Sastry and Guosn), 1446. 
CxoH,0; 7-Hydroxy-2-phenyl-3-benzyl-y-benzopyrone (Jaconson and 
GuosH), 961. 


1899 


FORMULA INDEX. 


20 II—20 IV 
C.oH,,0, 0-1-Ethoxynaphthoylbenzoic acid (Copisarow and WEIZMANN), 
883. 


CyH,,0, Acetyl] derivatives of 5:7-and 7:8-dihydroxy-3-phenyl-2-methy]- 
y-benzopyrones (Jacosson and GHosn), 1056. 

C.H;,0, d-a8-Dihydroxy-a88-triphenylethane (McKenziz, Drew, and 
MaRrTIN), 31. 

CooH,,0, Acetyl derivative of 7-hydroxy-3-benzy1-2:5-dimethyl-y-benzo- 
pyrone (Jaconson and Guosn), 433. 

C.H;,0, 7:8-Methylenedioxy-3:5:3':4’-tetramethoxyflavone /(NIEREN- 
STEIN), 871. 

Cy»H»O, Ethyl ether of 7:8-dihydroxy-3-phenyl-2-methyl-y-benzo- 
pyrone (Jacopson and Guosn), 1055. 

C»H..0, Ethyl diphenylsuccinates (Wren and Stitt), 1455. 

CyH.,0, 1-Hydroxy-l-homoveratry]-5:6:limethoxyindene (Pymay), 
187. 


C»H.0, Ethyl 8-acety1-4:5:7-trimethylcoumarin-6:8-dicarboxylate 
(oRDAN and Tuorre), 397. 

C,,H,,0, 5:10-Dihydroxy-1:2-dimethoxy-5:10-diethyldihydroanthracene 
(SIRKER), 1244. 

CyH,,0, a-Acetyl-3:5-dicarbethoxy-8:4:6-trimethylcoumarinic acid 
(JORDAN and THORPE), 398. 

C..H,,0,, Ethyl] af-dimethoxyhexane-Bfece-tetracarboxylate (SIMONSEN), 
790. 


CH;,0,, Octamethyl sucrose (Haworrn), 12. 


20 III 


CyH,,0.C1 4’-Keto-2:3-indeno-1:4-naphthapyranol anhydrohydrochlor- 
ide (Sastry and GHosH), 1448. 

C..H,,0,Br, Bromoacetyl derivative of 2’:4’-dihydroxy-1:3-diketo-2- 
benzylidenehydrindene (Sastry and Guosu), 1446. 

CH,,0.N, Vanillylidenebenzidines, polymorphic (Sen1eR and Forster), 
458. 

C»H,,0,Br, Dibromomorin pentamethyl ether, and its salts (PERKIN 
and Watson), 208. 

C,.H,,0,.N Nitromorin pentamethyl ether (Perkin and Watson), 207, 

C..H»O,N, 2:6-Diethoxybenzeneazo-8-naphthol (Turner), 472. 

C.oH,,0,N Papaverine, reduction products of (Pyman), 176. 

CaoH.0.C1 1-Chloro-l-homoveratry]-5:6-dimethoxyindene (Pymay), 
187. 


C..H.,0,N Aminomorin pentamethy] ether, and its platinichloride (PERKIN 
and Watson), 208. 

C..H,,0,N Pavine, constitution of (Pyman), 176. 

C.H,,0,I 3:5:7-Trihydroxy-2-mp-dihydroxyphenyl-4-ethyl-1:4-benzo- 
pyranol anhydrohydriodide trimethyl ether (Watson, SEN, and 
Mepni), 1482. : 

C,.H,,0;,N, Anhydride of nitrocamphor (Lowry and Steer), 1041. 

C.9Hy0,N, Bisnitroso-derivative of A’-menthenone (Roserts), 1466. 

C,.H;,0,S Di-7-menthyl sulphite (Kenyon and Pickarp), 45. 


20 IV 
CooH1004N2S Dinitro-n- and isodinaphthathioxins (GHosH and Smrzgs), 
1147. 


C»H,»O.N.S Dinitrodinaphthathioxin oxides (Guosn and Sms), 
1146. 
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FORMULA INDEX. 20 V—22 II 


20 V 
CoH,.»O,NCIS Chloronitrodinaphthathioxin oxide (GHosH and SmILEs), 
1146. 


C., Group. 


C.,H,.0, 3-Benzy]-2-methy]-1:4-a-naphthapyrone (Jacosson and ‘Guosn), 
432. 


Dibenzoylphenyl methane (MARSHALL), 520. 

C,,H,O +r-Phenyl-p-tolylacetophenone (McKEnziz and Wippows), 714. 

C.,H;s0, Acetyl derivatives of dihydroxy-3-benzy]l-2-methy]-y-benzo- 
pyrones (JAcoBsoNn and GHosnh), 433. 

C.,H,..0, Dibenzoyl derivative of 1-methylcyclohexane-3:5-diol (CRossLEY 
and RENOUF), 606. 

C,,H..0, Substance, from oxidation of 1-homoveratry]-1:5:6-trimethoxyindene 
(PyMAN), 186. 

C.,H,0, 1-Homoveratryl-1:5:6-trimethoxyindene (PyMAn), 185. 

C.,H,,0, Substance, from oxidation of 1-homoveratryl-1:5:6-trimethoxyindene 
(PymAn), 186. 

C.,H,,0, Acid, from oxidation of 1-homoveratryl-1:5:6-trimethoxyindene 
(PyMAN), 186. 

C.,H.,0, Acid, from oxidation of 1-homoveratryl-1:5:6-trimethoxyindene 
(PyMAN), 186. 

C.,H,.0, Heneicosoic acid, and its silver salt (Le SuzUR and WITHERS), 
736. 


C,,H,.0, a-Hydroxyheneicosoic acid (Le Sueur and WITHERs), 739. 


21 III 

C.,H,.0,N, 2:3-Methylenedioxyphenanthraphenine (G. M. and R. 
Ropinson), 1761. 

C.,H,,0,C1 Substance, from 3:5:7-triethoxy-4-o-methoxyphenyl-2-mp-diethoxy- 
phenyl-1:4-benzopyranol schptedgloetietin (Watson, SEN, and MeEpui), 
1484. 

C.,H,,0S 3-Benzoylthiolphenanthrene (Fretp), 1217. 

C.,H,,ON 3:4:5-Triphenylisooxazole (MARSHALL), 521. 

C.,H,,0,N Anilide of 1:2-a-naphthapyrone-4-acetic acid (Dry), 1624. 

er derivative of 6-amino-4-methyl-1:2-a-naphthapyrone (Dry), 
1626. 

C..H,,0.N Dibenzoylphenylmethaneoxime (MARSHALL), 521. 

C.,H,,0;,N, Ethyl 1-phenyl-3-phthaliminomethy!-5-pyrazolone-4-carb- 
oxylate (BRADSHAW, STEPHEN, and WEIZMANN), 807. 

CH.,0,I 3:5:7-Trimethox y-2-op-dimethoxyphenyl-4-methyl-1:4-benzo- 
pyranol anhydrohydriodide (Watson, SEN, and Mepui), 1485. 

C.H.,0,N, Yohimbic acid, and its barium salt (BARGER and Fre.p), 1028. 

C,H 0,.N, Substance, from oxidation of yohimbine (BARGER and FIELD), 1028 

C.H,,0.Br a-Bromoheneicosoic acid (Lz Sueur and WITHERS), 739. 

C..H,ON Heneicosoamide (Le Sueur and WirneErs), 738. 


C.. Group. 

C»H,.0, Benzoyl derivative of 5-hydroxy-2-keto peri-perinap hthindeno- 
furan (Dey), 1631. 

CooH,0, 5:7- and 7:8-Dihydroxy-2-pheny]-3-benzyl-y-benzopyrones 
(JacoBson and GuosuH), 963. 

C»H,.0; 7-Hydroxy-2-phenyl-3-benzyl-5-methyl-y-benzopyrone (Jacos- 
SON and GHosH), 965. 

C»H,.N. 1:3:5-Triphenyl-4-methylpyrazole (MARSHALL), 518. 
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22 II—23 III FORMULA INDEX. 


CyH,O0 p-Tolyl aB-diphenylethy! ketone (Turner), 1463. 

C.H..0, Substance, from mangostin and hydriodic acid (HiLL), 600. 

C..H,,0, Dibenzoy] derivative of 1:1-dimethylcyclohexane-3:5-diol (Oross- 
LEY and RENovurF), 604. 

C»H,,0, Methyl heneicosoate (Le Sueur and Wirners), 738. 


22 Ill 
Cx»H,,0,S 2:2-Dibenzoyl-3-oxy(1)thionaphthen (Smites and Guosn), 1380. 
C.H,,0,N 9-Ethylcarbazole-3-phthaloylic acid, and its silver salt (Copt- 
SAROW and WEIZMANN), 884. 
C..H,,ON Substance, from substance C,,H,,0,N, (SEN-Gupra), 1365. 
CH,,0.N, Diacetylisopropylidenebenzidine (Turner), 1497. 
Dianilide of trans-cyclohexane-spiro-cyclo pro pane-1:2-dicarboxylic acid 
(BEESLEY, INGOLD, and THorpe), 1097. 
C.H,0,N. Dianilide of a-hydroxycyclohexane-1:l-diacetic acid (BEEs- 
LEY, INGOLD, and THORPE), 1096. 
C.H,,0,N N-Methylpavinemethine(+ 2H,0), and its salts (PymMAN), 182. 
C..H,,0,Cl Ethyl 2-chloro-a-acety1-3:5-dicarbethoxy-8:4:6-trimethy]- 
cinnamate (JORDAN and THorPeE), 402. 
CyH.,0,N Acid, and its salts, from oxidation of N-methylpavinemethine (Pyman), 
184. 


C..H,,0,N. Yohimbiue (BarceEr and Fiztp), 1026. 


22 IV 
C.H,,0,NS Nitroacetoxydinaphthathioxin (Gnosn and Smits), 1147. 
C..H.,0,N.Br, Tetrabromo-derivative of diacetylisopropylidenebenz- 
idine (TURNER), 1498. 
C..H,.0,N.Br, Dibromoyohimbine, and its hydrobromide (BARGER and 
FrELD), 1027. 
C..H,,0,N.S Yohimbinesulphonic acid (BARGER and FiELp), 1027. 
C..H.,0,N.Br Bromoyohimbine, and its hydrobromide (BARGER and FIELD), 
1026. 


C.; Group. 

C.,H,,0, Benzoyl derivative of 7-hydroxy-3-phenyl-2-methyl-y-benzo- 
pyrone (Jacosson and GHosH), 1053. 

C,;H,,0,. Tetra-acetylisoquercetone (NiIERENSTEIN), 871. 

C.,H»N, 1:3:5-Triphenyl-4-ethylpyrazole (MAxsHaLt), 520. 

C.sH.+, 7-Hydroxy-3-m-hydroxyphenoxy-3-benzy|-2-methy!-y-benzo- 
pyrone (Jacospson and Guosn), 431. 

C.,H,,0, Mangostin (HILL), 595. 

C.,H,,0, Dibenzoyl derivative of 1-isopropylcyclohexane-3:5-diol (Cross- 
LEY and RENOUF), 608. 

Dibenzoyl derivative of 1:1:2-trimet hylcyclohexane-3:5-diol (CRossLEY 

and KENOUF), 607. 


23 II 


C.;H.0,N, Substance, from dibenzylidenecycluhexanone aud cyanoacetamide 
(Sen-Gupra), 1365. 

C.,5H.0,,N, Tetranitroluteolin tetraethyl ether (Perkin and Watson), 
202. 


C.,H,,0,Br, Tetrabromoluteolin tetraethyl ether (Perkin and Watson), 
203. 


C.,H,,0,Br Bromoluteolin tetraethyl ether, and its salts (Perkin and 
Watson), 203. 
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FORMULA INDEX. 28 I1I—25 III 


C.,Hy,0,I 5:7-Diethoxy-2-p-ethoxyphenyl-4-ethyl-1:4-benzopyranol an- 
hydrohydriodide (Watson, SEN, and MEpHI), 1486. 

C.,;H,0,Cl 3:5:7-Trihydroxy-2-mp-dihydroxypheny]-4-ethyl-1:4-henzo- 
pyranol anhydrohydrochloride triethyl ether (Watson, Sen, and 
Mepur), 1481. 

23 IV 


C.,H.,0,NBr Bromo-6’-nitroluteolin tetraethyl ether (PeRKIN and 
Watson), 203. 


C.,H..0,NBr Bromo-6’-aminoluteolin tetraethyl ether, and its salts 
(PERKIN and Watson), 204. 


C.;H,;0,N,1 Yohimbine methiodide (Barcrr and Frexp), 1026. 


C., Group. 
C.,H,,0; Benzoyl] derivative of 7-hydroxy-3-benzy1l-2-meth yl-y-benzopyr- 
one (+ H,0) (Jacopson and GuHosn), 429. 


CHO, Acety!] derivative of 7-hydroxy-2-pheny]-3-benzyl-y-benzopyr- 
one (JACOBSON and GHosH), 962. 

C.,.H,.0, Di-o-xylylphthalide (Coptsarow and WerrizMANN), 882. 

C.,H.,0, Ketone, from Kaempferia ethele (GouLDING and Roserts), 317. 


C.H,.0, Di-/-menthylamine tartrates, and their rotation (T. 8S. and D. C. 
PATTERSON), 150. 


C.,.H,.0,, Anhydrobisdimethyl oxy-y-methylglucosideacetone 
(InvINE, Fyre, and Hoge), 541. 


24 III 


C.,H,;0,Cl1 Dibenzoyl] derivatives of chlorodihydroxymethylcoumarins 
(Dey), 1648. 


C.,H,,0,N Oxime of ketone from Kaempferia ethele (GoULDING and RuBERTs), 
318. 


C.,4Hw~O,N, i-Succinylbornylamide (Conan, MArsHALL, and Woopman), 
890. 


C.; Group. 

C.,H,,0, Dimethylmangostin (HILL), 599. 

C,;H,,0,, isoDibenzoylglucoxylose (Turtn), 7. 

C,;H,,0, /-Bornyl di-phenyl-p-tolylacetate, resolution of (McKENzIB and 
Wippows), 713. 

C,;H;,0, /-Menthyl r-phenyl-p-tolylacetate, resolution of (McKENzIE and 
Wippows), 712. 

C.5H;,0, 5:7-Diethox y-2-mp-diethoxypheny|-4-et hy1-1:4-benzopyranol 
(WaTsON, SEN, and MEpHI), 1485. 


25 Ill 


C.;sH,,0,.Br Bromo-6’-hydroxyluteolin diethyl ether triacetate (PERKIN 
and Watson), 205. 

C,;H,,0,Br Acetyl derivative of bromo-6’-hydroxyluteolin tetraethy] 
ether (PerKIN and Watson), 205. 

C,;H,,ON dl-Tetrahydro-6-naphthayuinaldino-d-methylenecamphor 
(GrBson and Simonsen), 1157. 

C.sHs,0,C1  3:5:7-Trihydroxy-2-mp-dihydroxy pheny]-4-e thy]-1:4-benzo- 
yranol anhydrohydrochloride tetraethyl ether (Watson, SEN, and 
EDHI), 1482. 

C.sH..0,.N, Methyl succinyl dl-bornylamide (Coen, MARSHALL, and 

Woopman), 891. 
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26 II—380 IV FORMULA INDEX. 


C., Group. 

C..H,,0, 2-Phenyl-3-benzyl-1:4-a-naphthapyrone ($H,O) (Jacopson and 
Guosh), 964. ° 

CysH»O, Acety! derivatives of 5:7- and 7:8-dihydroxy-2-pheny1-3-benzy1l-y- 
benzopyrones (JACOBSON and Guosn), 965. 

C.gH,,0, Dibenzoyl] derivative of 1-phenylcyclohexane-3:5-diol (CrossLey 
and RENOoUF), 610. 

C..H,,0, Substance, from nitrosophenyldiacetonamine and sodium ethoxide 
(Evens, GirrorD, and GrirFirHs), 675. 


26 Ill 
C.~H..0,N, Azine of isoquercetone tetramethyl ether (NIERENSTEIN), 
870. 


C,,H,,0; 3:5:7-Triethox y-2-mp-diethoxy pheny]-4-ethyl benzopyranol, 
and its salts (WATSON, SEN, and Mepui), 1480. 
27 ITI 


C.,H,.0,.N, Ethyl bisphthaliminoacetyl malonate (BrapsHAw, STEPHEN, 
and WEIZMANN), 806. 


C., Group. 
C..H,,0, a-Naphthaphthalein (Copisarow and WrizMANn), 884. 
C.sH:,38S Diphenanthryl 3-sulphide (¥1ELp), 1216. 
C..H,,S, Phenanthrene 3-disulphide (Fiexp), 1215. 
28 III 
C..H,,0,N, Dianisylidenebenzidine (Senier and Forsrer), 1172. 


28 IV 


C.,H,,0,N,S, Toluenesulphonamide derivative of benzylmethyl-p- 
phenylenediamine (MELDOLA and HOLLELY), 620. 


C,, Group. 
C,,H.,N, Substance, from semicarbazide hydrochloride and p-tolyl benzyl ketone 
(TuRNER), 1462. 
C;, Group. 
CyoH 0, Benzoyl derivative ({H,O) of 7-8-dihydroxy-3-phenyl-2-methyl- 
y-benzopyrone (JAcoBsoNn and GHosH), 1055. 
C3,H,0, Mudaric acid, and its silver salt (HILL and SrrKar), 1440. 
C,.H,,0, Mudarol (Hivt and SirKar), 1439, 
30 III 
CyoH),0,N 2:3:6:7-Diphthaloyl-9-ethylearbazole (Corisarow and Weiz- 
MANN), 885. : 
CyH.,0,N 9-Ethylearbazole-3:6-diphthaloylic acid, and its silver salt 
(CopIsARoW and WEIZMANN), 884. 
CyH»O,N, Phenylhydrazone of hexahydroxytriphenoquinone 
(NIEKENSTEIN), 1219. 
30 IV 


Cy.H..0,N,Br. p-Bromophenylhydrazone of hexahydroxytripheno- 
quinone (NIERENSTEIN), 1219. 

CyH,0.N.S. Dibenzodi-8-phenylethylamide p-disulphide (Kr1Ng@), 
228. 
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FORMULA INDEX. 31 I1—74 Ill 


C;, Group. 
C;,H»0, Benzoyl! derivative of 7:8-dihydroxy-3-benzy]-2-methyl-y-benzo- 
pyrone (JAcopson and GHosH), 433. 
C;, Group. 
Cx2H2.0, Di-l-ethoxynaphthylphthalide (Corpisarow and WEIZMANN), 
883. 


CscH0; Mudarol acetate (Hitt and Sirkar), 1439. 


32 Ill 

Cs,H;,0,Cl, 3:5:7-Triethoxy-4-o-methoxypheny]l-2-mp-diet hoxyphenyl- 
1:4-benzopyranol anhydrohydrochloride (+ H,O) (Watson, SEN, and 
MEpDB!), 1483. 

C;, Group. 

CssHqo0,, Octa-acetyl derivative of octahydroxy-1:4-diphenylbenzene 
(NIERENSTEIN), 1220. 

C;,H,,0, s-Tetraveratrylethane (Robinson), 272. 


34 III 
C,,H,,0,,N Aconitine, oxidation of (BARGER and Fretp), 231. 
C;;H,,0,.N Substance, from resin of Calotropis gigantea (H1LL and SIRKAR), 
1441. 


C,; Group. 


C,sH5.0, Mudarol isovalerate (Hitt and SrrKar), 1438. 


C;, Group. 


C,.H,,0, Benzoyl derivative of 7:8-dihydroxy-2-phenyl-3-benzyl-y-benzo- 
pyrone (JAcoBson and GHoss), 964. 


36 III 
CssH.,0.N, Di-9-ethylcarbazylphthalide (Copisarow and WEIZMANN), 
886. 


C;; Group. 
C,,H,.0, Akundaric acid, and its silver salt (H1nL and SrrKar), 1441. 
C;sH,.0, Akundarol (Hivt and SrrKar), 1440. 


C,, Group. 


CywH.O, Akundarol acetate (Hiit and SrrKar), 1440. 


C,; Group. 


C,,H,,0, Akundarol isovalerate (Hitt and SrrKar), 1440. 


C;, Group. 
C;sH,,0,N, Tri-9-ethylcarbazyldiphthalide (Copisarow and WeizMaAnn), 
886. 


C,, Group. 


C,,H3,0,,.N, Octa-p-nitrobenzoyl derivative of octahydroxy-1:4-diphenyl- 
benzene (NIERENSTEIN), 1220. 
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ERRATA. 


Vou. CV (Trans., 1914). 


Fig. 3. The point representing the composition of the moist solid of ' 
Expt. 17 has been incorrectly plotted, the figures for CaO and N,O, 
having been reversed. 


Vou. CVII (Trans., 1915). 


Line 
7* after ‘1911, 33, 640,” insert 1913, 35, 1856, 1913.” 
** Morgan.” “* Morgan.” 
10—13 for 27°43 read 26°88 
24°53 24°08 
22°65 22°22 
10* for “(iii)” read “(iv).” 


ar. paper” read “ succeeding paper.” 
eH, Cl.SO,. NH.C,H,. NO,” read ‘O,H,Cl.SO,.NH.C,H,.NO,.” 


‘ce 
” 
ce 
8* 99 


* From bottom. 


